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INTRODUCING: THE ALL-NEW 


New design reduces vibration—enemy 


Vibration is the mortal enemy of every 
reciprocating machine. Sooner or later 
vibration must exact its toll in the form of 
wear or failure. Controlling vibration is 
the secret of building compressors that run 
longer and quieter with less maintenance. 
Our new X compressor was designed to 
be the most “rock steady” unit on the 
market. Vibration is so negligible that we 
have balanced a coin on an X compressor 
while it was running. 

The story behind this first air cooled com- 
pressor redesign by a major manufacturer 
in 15 years is interesting. 

Our engineers 
started with a mod- 
om re ern short stroke, 
ae large bore design 


a * (A typical cylinder 
> Aad 


has a diameter of 6”; stroke of only 234".) 
This design reduces piston travel and wear 
and increases efficiency 
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The short cylinders 
that resulted made 
it possible to reduce 
cylinder overhang 
considerably. Then 
the width of the base was increased until 
an X shape was obtained. 


ore thas J 


Concurrently, the decision was made to 
This 
reduced size and weight. The X design is 
15% to 20% smaller and lighter than most 


operate at higher rotative speeds 


compressors. The X compressor was de- 
signed to operate up to 1750 rpm (versus 
a top ol 900 or so for most other units.) 
Its short stroke design, however, makes 
piston speeds very conservative. They 
never exceed 700 feet per minute 

The new X compressor has maiy other 
innovations. Its silicon treated filter ele 
+ efficient. Its shell-molded, 


ment is 99% 
ductile iron crankshaft has better balance 
and greater strength. Its aluminum con- 
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of compressor life 


necting rods increase heat conductivity 
and reduce reciprocating weight. In all, 
more than 25 separate innovations were 
incorporated in the design. 
The new X compres- 
sor is equipped with 
Worthington’s fa- 
mous Feather* 
valve. The lightest, 
fastest-acting valve in the industry, the 
Feather valve has compiled an outstand- 
ing performance record. (A recent survey 
indicates that operating men prefer them 
two to one over the next nearest type). 
Worthington’s new X compressor is avail- 
able as a bare compressor or base or tank 
mounted. Standard belt-driven units are 
available in ratings from % to 15 hp and 
40 to 250 psi. Monobloc units from 1% 
to 5 hp, 175 psi. Please mail coupon for 
more information. 


*Reg. Trademark U.S. Pat. Off 


















I-SHAPE compressor is prone to harm- 
ful vibration in both horizontal and vertical 
planes as the two pistons travel up and down 
in Opposite directions Cooling is also 
a problem. Only one cylinder is in the direct 


path of cooling air from the compressor fan 


and there is about 49°, less cooling surface 


Bea. 


Y- SHAPE increases cooling by spread- 
ing cylinders. The vibration problem, however, 
is Only partially solved. Pistons operating at 
45 degrees to horizontal “7 tend to ro- 


tate the compressor, When supported 
7 
by a small, narrow base i the unit tends 


to be unstable and prone to harmful vibration 





X- SHAPE compressor gives excellent 


cooling plus minimum vibration. The same 
twisting forces occur { ) as the pistons 
move back and forth but this compressor with 
its wide stance base x is more stable. As 
a result, there is less internal strain, and 


vibration is considerably reduced 


WORTHINGTON 
X COMPRESSOR 
is the newest, most 
modern air-cooled 
compressor on the 
market. The X shape 
has been achieved by 
a short stroke design 
with reduced cylinder 
overhang and by use 
of a wide stance base. 
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FEATURED: 


ARE CREATIVITY TESTS HELPFUL? .. . Dr D A Schon, Arthur D Little Inc 
Author throws doubts on just what and whom they’re for 


HOW TO DESIGN AGAINST TAMPERING .. . A R Gardner, associate editor 
Some methods keep prying fingers away; others are warning devices 


ABILITY OF FRAMES TO ABSORB TWIST LOADS .. . N E Houtz & M F Spotts 
Equations compare rigidity of 8 types of machinery frames. 


WET SLURRY FOR REINFORCED PLASTICS .. . J A Keown and R W Curtis 
Design details on precision process that offers control, consistency... . 


58 USEFUL FUNCTIONS OF Pi. . . F Murray 


Orderly arrangement of values the mechanical engineer often needs .. . 


HOW MUCH POWER TO PUMP LIQUIDS? .. . T G Hicks 


Nomograph gives quick answers for various pressures, capacities 


7 STEPS TO BETTER ORAL REPORTING .. . E J Tangerman, Editor 
Last in the series: how to be chairman of a meeting. . 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


: More molybdenum from uranium wastes?..... 


New ways to strengthen titanium 

Nylon fibers give tougher laminates than glass... 

Research promises wide field of hi-temp plastics. . 
Porcelain-enamel finishes applied directly to base-meta! sheet 


NSU Wankel engine re-examined by German engineers 
Off-the-shelf parts build off-the-road truck zy 
Balanced hydraulic pressure keeps shaft-seal faces deed 


New miniaturized capacitors introduced in England... . 
High-speed detection of radiation is 1000 times faster. . . 


Metal bar helps with clamping while it’s being cut.... 
Dual-function supercharger: real boost to 2-stroke engine. 
This oscilloscope offers easier readout, simpler maintenance 


: High-speed photography for studying vibration, ballistics 


Defense Dept test facilities trail aerospace needs 


Continuous casting by capillary action 
Working can soften as well as harden alloys 
New welding power pack keeps even temperature... . 


Too much sameness—pitfall of industrial design 
Car-width legislation embarrasses automakers... 
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Special Armco Stainless Steels 
Point Way to Better Products 


Armco 17-7 PH offers strength, corrosion resist- 
ance and excellent fabricating characteristics to 
designers of many products—from watch springs 
and saws to electrical switches and aircraft parts. 
Tensile strengths to 350,000 psi, plus ability to 
resist heat and corrosion, make it especially use- 
ful for springs. 


Armco 17-4 PH is specified extensively for shafts, 
fasteners, valves, and other applications where its 
strength and corrosion resistance mean longer, 
more dependable service at less cost. The high 
hardness and durability of 17-4 PH combine to 
resist corrosion-fatigue and abrasion. Its simple 
900 F heat treatment also cuts production costs. 


Armco PH 15-7 Mo combines high strength at ele- 
vated temperatures with excellent corrosion re- 
sistance and workability. A leading manufacturer 
of retaining rings, for example, found this special 
stainless steel an economical metal with superior 
properties in severe service. As a result, existing 
ring applications have been greatly expanded and 
entirely new fields developed. 


ARMCO STEEL CORPORATION, 1200 Curtis St., Middletown, Ohio 


Send me information on these special Armco Stainless Steels 


For more information on Armco Stem Dam Cais? 
Precipitation-Hardening Stainless Name 
Steels, mail the coupon. asi 


Street 





‘ RNC? Armco Division + Sheffield Division + The National Supply Company + Armco Drainage & 
\e V/, ® Metal Products, Inc. « The Armco International Corporation *« Union Wire Rope Corporation 
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The American q years before. It didn’t take the British army long to 
System ' ; , realize the value of standardized weapons. W ith the 
Crimean War beginning, the government's arsenal at 

During the mid-19th Enfield Lock (where gunsmiths made individual weapons, 
century the term “Ameri- each different from the others) appointed James Nasmyth, 
can system” sprang up inventor of the steam hammer, to study American 
throughout the European weaponry. In his autobiography, Nasmyth describes how 
continent to describe he convinced the English army to adopt the “American 
“Yankee knowhow’ in system’ of machine-built rifles. He also brought 


Cxperi 
building mechanical ob enced American workmen back to the small-arms factory 
jects quickly and inexpen at Enfield to train English gunsmiths. Hence the famed 
sively. This ability to de Enheld Rifle 
sign a machine to turn Automation is the American system he 20th 
out standard parts put Eli century. And our cover shows a pattern that ilts from 
Whitney in the musket automatic machinery being developed by th incinnati 
business. It also enabled Milling Machine Co. With this equipment, you can 
clockmaker Chauncey Jerome to build and sell clocks for get fiberglass-reinforced plastics with closely controlled 
$1.50 apiece. (When English customs inspectors werc distribution of multicolored fibers This technique, 
told that an American clock sold so cheaply they thought called the wet slurry process, has other important advan 
the price tag was an attempt to avoid the customs tax tages that are described on page 5 
Henry Ford applied the “American system” to his Model 
r and many people throughout the world still think Ford Money Matters 
invented the automobile. 

The term “American system” was coined soon after the Monev has been fascinating men for turies—the 
London World’s Fair of 1851. Some English army struggle to make it; the pleasure of spending it. Some 
officers were touring the exhibit when their eyes caught have developed the knack of saving it For engineers, 


the sign “Robbins & Lawrence Rifles: The various parts saving money in product design can mean a less expensive 


interchangeable.” They asked the American in the booth product than the competition 
what the sign meant and received a demonstration similar etter production planning 
to the one Whitney had given Washington skeptics some ye manufacturers, the 
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reduce risk, is to copy the ideas and even the styles (p 24) 
of their more successful competitors. 

No one group is more aware of the importance of 
saving money than the US government. And no group 
within the government is more interested in money than 
the Bureau of Engraving and Printing. For many years 
the Bureau was concerned with the short life of the plates 
used to engrave paper currency. The method of printing— 
intaglio—requires wiping the plates clean after each im- 
pression. This causes constant abrasion 


and had actuated the go-ahead signal. 
the gas. 

It didn’t take the State Police long to realize what 
was going on. They set up a lookout and in a period of 
one week apprehended 33 nickel-tossers who in turn were 
fined $50 apiece. “It wasn’t the money,” said one of 
the fined motorists. “Who cares about 20 cents? I 
found a crack in the machine.” 

Perhaps one of the dangers of living in the machine 


He stepped on 


age is that too many people are looking for cracks. 


Slugs 


In 1924 Horace E. Haring, an electrochemist, working 
for the Bureau of Standards, designed a chrome-plating 
bath that increased the life of the standard nickel and steel 
plates then in use. Haring’s plating process was adopted 
by the Bureau of Engraving and Printing as well as by 
industrial concerns 


are made to fit into laundry machines; a penny spun the 
right way may trip the actuator in a pay telephone’s 
quarter slot; money boxes in soft drink machines might 
be forced open. One company, Faurot Inc., has been in 
business more than 25 years manufacturing equipment to 
Since this rather simple modification 

was adapted, the government has saved over 36 million 

dollars in engraving-plate replacement—a good way to 

save money making money 


A Crack in the Machine 


One morning several months ago, a motorist approached 
the automatic toll-collector on the New England Thruway. 
He stopped his car beside the large wire-mesh hopper 
and began sorting out the necessary 25 cents to change 
the red stop-light to green. He took a nickel and two 
dimes from his pocket and began arching the coins into 
the hopper. However, no sooner had the nickel been 
gobbled by the automaton than the stop light blinked to 
green. ‘The motorist had discovered a flaw in the 
machine—his nickel had been mistaken for a quarter 


detect crime. It makes and sells such items as thief- 
detecting powder, invisible coin lacquer, robot alarms, etc 
Powders and alarms are one way to detect a burglary, but 
how can the theft be prevented? An informative article 
on tamper prevention appears on page 41. 

—Benedict A Leerburger Jr 








COMING NEXT WEEK IN PRODUCT ENGINEERING 


. Designing Sealed-in Atmospheres 


A hermetic enclosure must do more than protect against adverse environment. 
It must sometimes be a good electrical-arc suppressor, heat-transfer medium 
or energy source. 


Resin-bonded Wood Compositions 


Selection guide to judging “compo” boards. Moisture absorption and dimen- 
sional stability often determine choice. 


integrally Sealed Ballbearings 


Discussion of various seal types, materials and test methods, plus ratings 
under various conditions. 


Dynamic Applications for Screw Threads 
Suggestions for simplified nuts, threads and guides. 








10 Ways to Change Straight-line Direction 


Arrangements of linkages, slides, friction drives, and gears that can be the 
basis of many ingenious devices. 


Why Not Weld It Chemically? 


This review of structural adhesives helps select the best type of adhesive and 
fabricating technique when “chemical welding” is your joining method. 
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Engineers: 

Here are sound reasons why 

it pays to specify 

National Seamless Mechanical Tubing 


USS National Seamless Steel Mechanica! Tubing offers you extraordinary 
freedom of design in a wide range of products from bushings to 
hydraulically operated telescoping booms. And, USS National Seamless 
Tubing helps cut processing costs, because it eliminates drilling operations; 
enables you to replace drills with simple, less expensive boring tools, 

and it reduces tool wear and tool changes; and, more important, 

more uniform parts can be turned out by the hundreds or thousands. 


Where USS National Seamless Tubing is used as a load-carrying member 

or part, it exhibits a number of structural advantages over other forms. 

Here are a few: it gives you a superior cross section when a part is designed 
to withstand equal loading in any direction; it resists bending stresses 
equally in all directions; it is able to absorb and localize shock; 

and in torsion, it provides better material distribution, and for a given weight, 
can withstand more load than other sections. 


And, of course, the name USS National is backed by the world's largest and 
most experienced manufacturer of seamless tubing—National Tube! 

The production of USS National Seamless Tubing, from ore to finished product, 
is entirely controlled by one organization. There is no divided responsibility. 
Every foot, every length, is made under the careful supervision of 

skilled men with years of tubemaking experience. For more than 60 years, 
USS National Seamless Tubing has been first with men who want 

the best in mechanical tubing. 


You'll find USS National Seamless Tubing available at select 

National Tube Distributors throughout the country. These distributors are 
strategically located and expertly trained in solving all types of tubing problems. 
Here, you can choose from a complete range of sizes and stocks. If you'd like 
to find out how USS National Seamless Tubing can be most effectively applied 
to your designs, contact your nearest USS National Distributor . . . soon/ 


USS and National are registered trademarks 


National Tube 
Division of 
United States Steel 


Cotumbie-Geneve Stee! Division, San Francisco. Pecitic Coast Distributors 
United States Stee! Supply Division 
United Stetes Stee! Export Company, few Yort 
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new, COMPACT, HI-TORQUE 


H-RANGE REDUCTION DRIVES 


IDEAL FOR APPLICATIONS NOT POSSIBLE 
WITH OTHER TYPES OF REDUCERS... AND FOR 
STANDARD REQUIREMENTS. 


HI-RANGE Cycloid-Type Reduction Drives are 40% to 60% 
smaller than other types of reducers with comparable ratings. 
They provide a wider range of torque—and pound for pound, a 
higher torque—than any other type of reducer...ranging from 
about 30 in.-lb. torque per pound of reducer weight to over 
80 in.-lb. torque per pound..As a result, HI-RANGE units 
lend themselves extremely well to special applications and in- 
tegral design. They are ideal where space or weight or both 
are important factors and where, in addition, high torque is 
required. 


Black Tool Engineers are highly experienced in the design 
of reducers for special applications. They will be glad to consult 


with you on your reduction drive problems. 
Write today for Brochure RD-200. 
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British introduce new miniaturized capacitors 

A new line of miniaturized paper capacitors, specifically designed for service undet 
high-humidity conditions, is being introduced by Telegraph Condenser Co Ltd, North 
Acton, London W 3, England. 

Designed for a working voltage of 150 (dc) and a temperature range of —40 to 160] 
they're produced in sizes from t¢ by 0.22 to 1% by in., with capacities from 0.01 
to 0.25 mf. 

Says TCC: “New materials have now made it possible to produce condensers having 
two layers of paper dielectric to each solid-foil electrode, reduced in physical size t 
that of metallized paper condensers with comparable voltage rating 


More molybdenum from uranium wastes? 

Molybdenum can be recovered as a by-product of uranium processing, and sub 
amounts of it could be made available this way, C. J. Lewis of Colorado School 
Mines and J. E. House of General Mills told the Society of Mining Engin 
the AIME. 

Until now, molybdenum has been more a headache than a help in uranium 
processing because it interferes with chemical reactions and precipitation Now, 
xtraction processes using quaternary ammonium compounds promise t ol that 


problem and provide a new source for high-purity molybdenum 


British reveal new routes to stronger titanium 


Binary titanium allovs containing 8 to 40% germanium, hafnium, gold ai gallium 
“possess good ductility and are stronger than unalloyed titanium, ivs Imperial 
Chemical Industries. Furthermore, as long as total titanium content is held to at 
least 60%, such alloys may contain up to 25% Sn, or 20% Sb, Mo, Cr, Va, or Cb 

Impurities (C, O, and N) must still be controlled, though (to |! . ind 0.4%, 
respectively). 

When tin is added to the titanium-gallium alloy, ICI says, considerably improved 
forging properties may be obtained (US research on such alloys indicates the 


addition of Sn, in amounts from 4 to 22%, can increase oxidation resistanc ynsid- 
erably, without loss of either strength or ductility 





Continuous casting by capillary action claimed by USSR 


S A new process that produces almost any shape 
i or size directly from the melt at a speed limited 
only by the rate of cooling of the metal is the 
latest Soviet development 

Ihe process, as Soviet Prof A. V. Stepanoff 
explains it, is based on erection or extrusion of 





the required shape in the liquid state, taking 
advantage of capillary action to help the liquid 
hold the desired form. As the liquid is pulled 
SHEETS, CYLINDERS, and many other shapes can out of the melt. it is quickly cooled so that it 
be formed by capillary-action casting process, Soviet 
engineers claim. These diagrams show how 








freezes to shape before it can flow away. With the 
technique, Prof Stepanoff says, aluminum has 
been formed into strips 5 in. wide and 0.02 to 0.08 in. thick; pipe and tubing to 5 in 
dia, with wall thicknesses ranging from 0.004 to 0.060 in., and finned and elliptical 
shapes. Such other metals as brass and zinc can be similarly handled 

rhe procedure is something like this: 

A sheet of inert material with an opening of the desired shape is placed on the 
melt; and a solid plug is lowered through the cooling tubes (see diagrams As th 
plug is withdrawn, the metal adheres to it by capillary action, and is frozen t 
shape as it does so. 
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| DEVELOPMENTS TO WATCH... 








continued 


Need tougher laminates? Look to the filler 

Impact strength of reinforced plastics can be markedly increased by using organic 
nylon) fibers in place of inorganic (glass), say E. G. Bobalek and R. M. Evans of Case 
Institute of Technology. 

Substitution of nylon for glass reinforcement, they point out, does result in loss 
of stiffness and tensile strength and increase in elongation. However, they say, “special 
designs of laminates which use both types of fillers can sometimes accomplish a 
beneficial compromise of the advantages of each.” Other important points 


© Modulus of the laminate can be increased by altering the bulk properties of the 
organic fiber by such methods as heat-shrinking (which seems to increase crystallinity 
But strength and elongation may be markedly reduced. 


e Combining reinforcements can, as noted above, increase rigidity while retaining 
good impact strength. However, special precautions must be taken to prevent the 
glass fibers from cutting the organic fiber. Best system here seems arrangement of 
the reinforcing components so they do not fall in parallel layers 

e While very poor adhesion between filler and binder will affect laminate perform 
ance, “beyond a certain point, upgrading of adhesion has very diminishing returns 


In general, the Case researchers say, impact resistance of a thermosetting resi 
reinforced with fabric is proportional to energy values calculated as area under stress 
strain curves. The tensile energy per units volume, W, can be approximated as 

W b Sic 
where S,, is the tensile strength and e the ultimate strain; thus suggesting that the 
rupture energy can be increased by adjusting either of the latter two factors. It is the 
effect of nylon in increasing e that makes it of special interest 


Stockpile emphasis on hi-temp materials 

Heat-resistant and special-purpose materials for missiles, space vehicles, nuclear 
reactors and the like will get top-priority attention from stockpilers from now on 

As J. D. Morton pointed out at last week’s AIME meeting, recent stockpile rol 
changes will concentrate purchasing and research expenditures upon the metals above 
iron on the melting point scale; among them, zirconium, chromium, hafnium and 
rhenium 

As to the stockpile itself, the change from a 5-yr to a 3-yr policy was expected t 
result in release of some materials; or, at least, to suspend purchases for some time to 
come. But opposition to the change is now developing, and it’s entirely possible that 
the new policy will be altered or rescinded before the ink is very dry 


Looking ahead at hi-temp plastics 
Polymers that retain as much as 90% of their strength at 500 F compared with 30 to 
50% for most presently available materials; and organics stable at least to 750 | 
ire among the advances promised by research now in progress, says Harry Raech Jr 
of Northrop Corp. 

As he pointed out to the Society of Plastics Engineers, even higher temperatures 
should be achieved with inorganics and organic metallics. But many of these develop 
ments are further off; and metal-organics now being evaluated are generally in the 
500- to 700-F range. Among them are aluminum and nickel compounds, ferrocenes 
and sulfur-nitrogen compounds. Zinc condensation polymers, too, look promising from 
the point of view of heat resistance; although, as Raech points out, materials so 
far prepared have had poor physical properties and other undesirable features. 

Inorganic compounds, subject of intensive research at a number of laboratories, 
apparently have not yet come up to expectations—either from a physical or thermal 
point of view, or both. Raech does not, however, write them off as future possibilities 
Indeed, he is hopeful for both types of materials. ‘Recalling that nearly all of the 
metals available in quantity have service limits of about 2000 F,” he says, “it may 
not be too much to expect that the high-temperature materials of the future may be 
the plastics.” —ARG 
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WHAT'S HAPPENING IN RESEARCH... 


Green light for 


breeder reactors 

A potentially 
block 
‘breeder’ reactors has been removed 
with resolution of what seemed like 
1 serious discrepancy between US, 
UK, and USSR figures on neutron 
ivailability 

Breeder 
make fuel as they 


stumbling 


scTIOUS 


to development of thorium 


reactors are those which 
burn” it, by con- 
verting useless “rock” (nonfissionable 
uranium or thorium) into fissionable 
materials. To do this it is necessary 
excess of neutrons— 
enough neutrons to keep the primary 


chain reaction going, to compensate 


’ 
tO wave an 


for losses and to provide for conver- 
nonfissionable material 

Scientists calculated that, to permit 
breeding in the thorium cycle, each 


sion of the 


primary fission would have to free 2.2 
neutrons. (One for the continuing 
0.2 to 
Original calcu 
lations indicated that 2.28 neutrons 
were actually produced per neutron 
absorption by U233—a_ comfortably 
high figure. Both US and USSR re 
searchers confirmed this. Then came 
1 report from the UK that the figure 
was really only 2.18 


reaction, one for breeding, 


make up for losses 


causing con 
siderable consternation 

Now, savs A. M. Weinberg, di 
rector of Oak Ridge National Labora 
tory, a recheck by UKAEA has shown 
an error in chemical analysis. Cor 
recting this reestablishes the original 
figure, and a recheck at ORNL has 
firmly established the original esti 
mate by giving a figure of 2.29] 
0.012—higher, if anything, then was 
originally thought 
danger point 


ind well above the 


Working can soften 


as well as harden alloys 
The effects of cold working at ultra 

low temperatures 

of explosive 


minus 278 F) and 
gold-silver 
alloys were described to last week's 
AIME meeting bv researchers from 
MIT, DuPont, and U of New Zea 
land. 


loading on 


Stored energy, they find, decreased 
when the alloy was cold-worked to a 
true strain of 0.6 and then breught to 


room temperature; and further work 
ing at room temperature (to a fatal 
strain of 1.0) decreased stored energy 
still further. This release of stored 
energy by cold working, they say, is 
“analagous to the phenomenon of 
work softening, which was first ob 
served with single crystals of alumi- 
num and copper.” And, they say, 
hardness tests confirm it 

On the other hand, explosive load- 
ing increases stored energy by a factor 
of 8 to 10 as the loading is increased 
from 120 to 150 kilobars. It stays 
constant thereafter, however, at least 
to 500 kilobars; while the hardness 
increases continuously, though at a 
greater rate between 120 and 150 
kilobars than above the point 


Getting a line on 
electrical insulation 

Mass spectrometers, gamma radia- 
tion sources, and special ovens all are 
being pressed into service in an at- 
tempt to learn more about degrada- 
tion of electrical insulation. 

At the AIEE annual meeting, for 
instance, a number of speakers dis 
cussed test systems for service life of 
electrical insulation. 

Y. Saito and T. Hino of Tokvo In 
stitute of Technology described a mass 
spectrometer test in which standard 
magnet wire samples are heated in air 
ind in vacuum and the evolved gases 
trapped and analyzed spectrographi- 
cally. As might be expected, oxygen 
was found markedly to increase the 
rate of degradation of such materials 
as polyvinyl formal. Another finding: 
gas generation from polyester insula 
tion was considerably less than that 
for formal they say, 
that “polyester wire is superior to 


“This shows,” 


formal wire in thermal endurance.” 

As to the test itself, they say, “‘it is 
possible to assume that the deteriora 
tion of a material . can be forecast 
by the short-time test with a mass 
spectrometer.” 

In irradiation tests, J. W. Kallander 
of Naval Research 
found polyester insulation superior to 
polyvinyl formal in both thermal life 
and electric strength. Other findings 


Laboratory also 


tetrafluoroethvlene insulation showed 
a large decrease in both thermal and 
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electrical performance; silicone enam 
els generally did well; but some 
enamel-varnish combinations did not 

Copies of these papers may be ob 
tained from AIEE, 33 W 39th St 


NY 18. Price to nonmembers, $1] 


New system for 
high-speed photography 

For studies of vibration, ballistic 
flutter, and the motion of bodi 
within a confined space, Cornell Aero 
nautical Laboratory has developed a 
multispark light source which, it says 
can produce high-intensity light of 0.1 
microsec duration for any preset time 
interval of 10 microsec or more. Ad 
vantages, sav M. R. Wilson and R. J 
Hiemenz of CAL, are simplicity, low 
cost and the ability to produce a large 
image 

[he system takes advantage of the 
very short light flash produced by 
discharging a capacitor through a 
spark gap. In CAL’s own setup, there 
are 5 spark source assemblies (see 
diagram), each with its own barium 
titanate capacitor, mounted in scries 
and separated by lens assemblies. The 
capacitors are set to discharge at dif 
ferent times, and are triggered by a 
pressure pulse. The discharge across 
the spark gap, which is aligned with 
the lens assembly, focuses hight on a 
prism, illuminating the subject. In 
this way the film (in a drum camera 
is exposed 

4 10.000-v source powers the spark 
system, and trigger pulses are provided 


at preset time delays ARG 





Outer electrode 


Dielectric 


Outer electrode s 


if ee 


ossembly 
\ “nsulotor S 
Trigger 
electrode 7 


Inner oe 
Spork 
electrode I 9% 
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electrode 


























ELECTRODE DESIGN for high-inten- 
sity light source is outlined here 





uick-Opening Fasteners 
Selecting Small Fastenings for Metal Closures 


Quarter-Turn Fastener 


Lion Fasteners open and close with a 
% turn, hold sheets tightly under the 
compression of a rugged spring. 
Quickly operated and fully retained 
in the outer panel, they are approved 
under U. S. Government military speci- 
fications. Stud and receptacle float for 
easy alignment and simplified hole 
preparation. Flush, oval, wing, knurled, 
ring, and key head styles available. 
Sizes—No. 2, No. 5, and High Strength 
for extra heavy duty. 


Cabinet Latch 


Just drill a hole, push the fastener stem 
through, and slide the special push-on 


%* Quotation from‘ & Electronic a> 
ment for Natasnekalet' Machine 
sign, July 12, 1956. 
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“Use captive fasteners wherever feasible 


nuts . 


standard hand tools’ * 


Avoid the use of loose washers and loose 


. Fasteners on equipment covers should be operable either with no tools or with 


(John D. Folley, Jr. & James W. Altman, Research Scientists, American Institute 


for Research) 


clip into place. No welds, screws, bolts 
or rivets: the fastener is permanently 
installed in seconds! 


Adjustable to any grip length or panel 
thickness, the pawl is fixed in place by 
a single set screw. The fastener’s 
brightly finished knob is set off by a 
plated washer. Also furnished with 
screwdriver operated flush head. 


Spring Tension Latch 


For fastening slide-out drawers and 
hinged panels the Southco Arrowhead 
Latch is recommended. It locks or 
opens with a quarter turn yet occupies 
less than 2” inside space. 


Doors are held under spring tension— 
a push against the arrowhead knob 
relaxes this tension, allows operation 
with fingertip ease. Drill a single hole 
for installation—no fastening to the 
door is necessary No striker plate 


is needed. 


Pawl stop is eliminated—arrowhead 
shows at a glance exact position of 


pawl. 


Adjustable Panel Latch 


Small doors and panels can be fastened 
with greatest speed and lowest cost 
with the Southco Adjustable Latch. 


The entire fastener is quickly installed 
through two holes punched in the 
door; no bolts or rivets are needed. 


It operates with a quarter curn, requires 
no striker plate. An extra twist after 
the nylon paw! is engaged pulls up the 
door to form a seal and eliminate 
vibration. 


Available with wing, knurled, of 
Phillips head. 


Free 
Fastener 
Handbook 


Send for your free copy of Fastener 
Handbook No. 9, just released. Gives 
complete engineering data on these 
and many other special fasteners. 
Forty-eight pages, in two colors. 

Write on your letterhead to Southco 
Division, South Chester Corporation, 
236 Industrial Highway, Lester, Pa. 


/ 
/ 


/ 
/ 
Se SOUTHCO 4 FASTENERS 


©1956 


/ 
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JUST OUT! 
50 fact-filled pages...on 


LINK-BELT’s NEW 
spherical 
roller bearings 


H ERE are all the facts, all the features of Link 

Belt’s new spherical roller bearings. Book 
2760 is packed with diagrams, photos, charts, 
formulas—explains the unmatched performance 
and economy advantages of these self-aligning 
bearings. And there’s an illustrated section on 
the machines and procedures that enable Link- 
Belt to maintain the strictest tolerances ever 
achieved in standard bearings. For your copy, 


mail the coupon today! 


DESIGN FEATURES 


SELECTION DATA 
AND FORMULAS 


SHAFT BEARING 
SEAT DIAMETERS 


LUBRICATION 
SHAFT DETAILS 


BEARING LOAD 
ANALYSIS 


LINK-BELT COMPANY 

Dept. PE, Prudential Plaza, Chicago | 
Please send a copy of the new Spherical 
Book 2760 

| Name 

| Firm 


Address 
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FROM WASHINGTON ... 


Defense Dept test facilities trails aerospace needs 


Officials of some of the Defense Dept’s key testing facilities say they aren’t equipped 
to keep up with the pace of missile and space technology. 


They're hoping that Congress and the Democrats this year will do better by their 
money requests than in years past. And there's evidence to indicate that election- 
year pressures may brighten their chances. 


For instance, officials say that they can take care of only 50% of the demand 
on the facilities of the Arnold Engineering Development Center—the wind tunnel 
facility—at Tullahoma, Tenn. 


This Center has scheduled a 5-year expansion plan that would cost an estimated 
$300 million and would double its capacity. But last year, the Administration 
requested only $5.6 million for expansion, although lower echelon officials wanted 
$33 million 


Tullahoma officials argue that their work results in impressive savings in time 
and money; for instance, working with Convair engineers the Center found that 
engine exhaust on the Atlas was being sucked back into the engine and causing 
firing failures. ‘Tests also indicated that missiles produce about 15% less thrust 
at high altitudes than previously estimated. With solid propellants, the Center 
found that missiles were re-igniting from internal heat, causing experiment failures. 


Watch for new talk about Atlas’ range and performance 


Cutting size and weight of components is helping boost the payload and range of 
the Atlas, our most advanced ICBM. In the few short years since development 
of this missile got underway, electronic components have been miniaturized by 
50% in weight and 30% in size. 


Air Force officials say Atlas can be fired more than 7500 mi, equal to range of 
the Soviet missile fired into the Pacific just a few weeks ago. And they hint 
privately that the Atlas has a far greater range than this. 


Plan to cut back Titan project is partially based on improved range and accuracy 
of the operational Atlas. (PE—Jan 25, p 13). 


Engineer shortage ahead, predicts Labor Secy Mitchell 


Business will be caught in a squeeze for critical “middle” managers and engineers 
in the decade ahead. So says Labor Secy James P Mitchell in a new report pro- 
filing the changes in the labor force over the coming decade. 


All told, US industry will require a 40% increase in the number of professional 
and technical people and a 25% increase in the proprietor and managerial field, 
Mitchell finds. But a huge wave of the new and unseasoned will be coming into 
the labor force. 


At the same time there will be a shortage of people in the middle-age brackets 
from whom the so-called middle ranks of management—supervisors, foremen, etc— 
usually are drawn. ‘This shortage is blamed on the small baby-crop born during 
the great depression of the 1930s, a generation now reaching maturity. 


Mitchell sees the answer to this problem as threefold: a more thorough and 
rapid training of youngsters to fill the gap; a retraining of older workers; and a reten- 
tion of older and more seasoned personnel past the traditional retirement ages. 
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Brightness is Not Enough 


Wheel covers must be more than just bright. They must have 
strength, spring temper, durability and low unit cost 
in volume production. 


Other materials may claim some of these characteristics, but only 
stainless steel actually possesses all of them — and has a 
performance record to prove it. 


It is easy to make cheaper wheel covers. Just forget that customer 
complaints, lost goodwill and the inevitable replacement of parts 
eventually show up on the balance sheet. 


In wheel covers there is no substitute for stainless steel’s lasting 
brightness, strength and durability. 


SK Plants and Service Centers: 
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Can you name the cars represented by these stainiess steel 
wheel covers? A postcard request will bring you the ans 





STAINLESS 


Los Angeles + Kenilworth (N. J.) * Youngstown «+ Louisville (Ohio) + indianapolis + Detroit SHEET ¢ STRIP « BAR + WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION « Box 4606, Detroit 


All Pressure Regulators are not alike 


Baffle 
and Siphon Tube... 
Construction 


provides more uniform 
regulated pressure 
as flow demand changes 








In the ideal pressure regulator there would 
be no change in the regulated pressure no matter 
how wide the variations in the flow rate. 


Norgren Pressure Regulators approach this ideal 
by providing a baffle and siphon tube feature. 

This increases the sensitivity of the valve to 
changes in the flow rate through the regulator and 
provides better performance and a more uniform Norgren Pressure Regulators 
regulated pressure over a wide range of flow rates. give you these important features: 


The baffle protects the diaphragm from @ Balanced Valve Construction — improved regulator 


. : ee formance 
pressure shock and abrasive action. This gives you pein 

. - , : @ Large Nylon-reinforced Buna N Synthetic Rubber 
longer regulator life, more dependable operation Diaphragm — long service life 


and minimum maintenance. Baffle Plate and Siphon Tube — increased accuracy 


Large Passages and Valve Openings—large flow capacity 
For complete information on all your regulator Easy servicing while still on air line 

needs, Ys" to 2”, call your nearby Norgren 
Representative listed in your telephone directory - 


or WRITE FACTORY FOR DESCRIPTIVE LITERATURE. 


Flexible Valve Pin—assures better seating 











FOUNDED IN 1926 


C.A. NORGREN CoO. 


3428 SOUTH ELATI STREET @ ENGLEWOOD, COLORADO 
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Engineers Take Sharper Look at Germany's 
Radically New Combustion Engine 


Were original claims for the NSU Wankel rotary engine premature? 


Exaggerated? Based on practical engineering concepts? 


Ever since the first announcement by Curtiss-Wright, which holds North 
American rights to the engine, PRODUCT ENGINEERING has kept its 
readers abreast of engineering appraisals and industry reaction to the 


eye-opening development. 
Questions have continued. 


They led German's august engineering 


society, Verin Deutscher Ingenievre (VDI), to thresh out merits and 


potential of the new unit at a one-day symposium. With cooperaton of 
McGraw-Hill World News’ London Bureav, PRODUCT ENGINEERING 


interviewed a participant at the meeting for the following report. 
For background see our previous coverage: 


“Secrecy a Feature of US-German Rotary-type Combustion Engine,” 
Dec 7 ‘59, p 44; and “That Curtiss-Wright Announcement—Germans Now 
Strip Some Mystery from Rotary Engine; Detroit Professes Little Interest,’ 


Dec 28 ‘59, p 17. 


Lonpon, Enctanp—The VDI heard 
enough references to severe wear and 
major sealing problems to convinces 
many at the symposium that the NSI 
Wankel engine is still in a primary 
state of development. But the inte: 
change of opimon also sent many of 
the experts away with the feeling that 
despite its many problems, the engin« 
has a future well worth watching 
Among limitations that 
were frankly acknowledged are 


present 


@ On basis of thermodynamic con 
siderations, the models tested showed 
no advantage over orthodox 4-stroke 


engines. 
© Low-octane fuels severely curtail 


engine performance—a conflict with 
original claims 


e The present engine is subject to 
1 theoretical compression-ratio limit 
of 15:l—making it unsuitable for 
small diesel engine designs 


© Engine speed is restricted by the 
thermal loading factor. Frior claims 


indicated no limit on engine speed 


© Mean peripheral speed of the ro 
tor—about 8000 ft/min 
sealing-vane weat 


causes high 
Also. complex load 


ing causes high casing weat 


However, compared with the ortho 
dox 4-stroke engine, especially larger 


chamber sizes, the Wankel engine 


1S lighter, more compact impler, 


che per, quieter, ind better balanced 


TEST ENGINES SHOWED PROBLEMS 


Initial engine tests were performed 
on a 750-cc (about 46-cu in.) umt 


this being capacity of the casing 


minus the rotor volume. However, 


the rotor divides the chamber into 


three cells, and in some reports the 
engine was erroneously rated at 25 
ce because it fires in only one cell 

In the first 100-hr test completed 
21 bhp 


lests on a second ex 


last July, the engine averaged 
it 4700 rpm 
perimental model of the same capa 
city, run at full load at 5500 rpm, 
wveraged 31 bhp over 100 hr. Bmep 
was 150 psi. 

The fuel economy of 0.66-0.60 Ib 
bhp-hr reported was not considered 
impressive by the VDI experts, when 
compared with a 4-stroke engine. Fuel 
economy is better than for comparabl 
2-stroke engines 

Complete balance of the engine is 
easily obtained. Inertial forces in a 
piston engine associated with first and 
second harmonics do not exist. But 
the oil for cooling the rotor increases 
inertia of the Wankel engine, and it 
is subject to high loadings both by 
the resultant total gas load on the 
rotor and by centrifugal force. Acro 


dynamically, it has the same advan 


tag is a 2-stroke engine in 


port-controlled apertures for the 
exchange, and freedom from 

gearing 

But there are positive indication 

the experts said, that performance anc 
life would improve with scale effect 
in chamber size from 1000 cc (about 
1 cu in.) upwards—that is, a 3000- 


ger engine. Preliminary exper 


reason to expect a iZ Cl 
ibout 730-cu in 
fuel economy of about 0.44 Ib/bhp-h 


gine would ha three cha 


engine can offer 


) 
moving radially in sl] 


of the rotor ind iT 


lh Cat 
shape 
rotor Th 


erminate in the in 


on ca yf 
ul shaped 
vlinder and provide the end sealing 
These seals are loaded igainst th« 
casing end-covers by expander spring 
under the seal, and by gas pressure 
Vane seals are kept in contact with 
wall of the casing bv centrifug 


. 
reinforced at low speeds by cot 


VANES AND STRIPS seal the en 
gine. Vanes slide into the rotor apex 
and, by centrifugal force at high speed 
are forced against the casing wall. At 
low speed, a spring and gas pressure 
force them against the wall. Tip wear 
is high. Strip seals are spring-loaded 
Rotor 


grooves are extended to the edge so 


against the casing end-covers 


they can be machined by turning 


rather than milling 
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rugated springs and gas pressure acting 
at the vane root. The cylindrical mem- 
ber in which the vanes are located is 
not explained but appears to offer 
angular freedom to the vane. 

he rotor tip generates an epi- 
trochoid, which is the form of the 
internal surface of the engine. Radius 
of curvature of the trochoidal path 
varies greatly between the long and 
short axes of the casing. Tips of the 
sliding vane must maintain con 
tact in all positions of travel, but are 
normal to the trochoid path onl; 
when pointing in the position of the 
principle axes of the casing. In all 
other positions they are inclined at an 
angle varving from 0 to 30 his 


aggravates the sealing problem 


WEAR IS HIGH 


The vanes, and the internal cham- 
ber surface at the node points, are 
both subject to severe wear. Tests 
report vane-tip wear rates of 0.0043 
in. occurring in the first 100-hr pe: 
formance run on two experimental 
engines. These parts were removed, 
hence long-term wear is unknown 

Worst wear was experienced at the 
nodes of the trochoid, it is reported 
ind was greatest—0.002 in. after only 
50 hr—at the node nearest the spark 
plug, where gas and thermal loadings 
are heaviest. 

No better material than those used 
for orthodox piston rings has been 
found for the vanes, Propucr ENc! 
NEERING learned. Both cast iron and 
light alloy are suitable for the casing, 
but with a light alloy the internal su 
face must be chromium-plated. At 
tempts to reduce the high wear at 
the nodes has led to spraying with 
metallic molybdenum. 2 


UK Revises Embargo 
on Goods for Reds 


Britain is revising its em 


LONDON 
bargo on strategic goods shipped to 
the USSR and Red China. Most sig 
nificant is the decision to ship certain 
types of machine tools to the Iron 
Curtain countries. 

Items deleted from the embargo list 
include: milling machines for aircraft 
spars, germanium, cobalt compounds 
and petroleum-based hydraulic fluids 
Relaxations also have been introduced 
for steelworks forging hammers, and 
certain electronic equipment. s 
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Filler Snake for Stretch-forming 


Unexpanded honeycomb is completely flexible and serves as internal support 
for stretch-forming extrusions (inset photo shows extrusion, left, and snake, 
right). Developed by Hexcel Products Inc, Berkley, Calif, and cailed HOBE 
(honeycomb before expansion), the snake is built up of thousands of strips 
of 0.005-in.-thick aluminum foil stacked and joined to one another. Dufable 
and easily stored, HOBE can be given different cross-sections by machining 
It is more economical than conventional fillers; current price ranges from 
30¢ to 80¢ per cu. in. of snake, depending on cross-section complexity 


Diesel-electric Designed for Off-highway Use 


re ied 


Powered by a 600-hp Cummins VT-12 diesel engine, which generates electric 
current for General Electric Co motors mounted in each wheel rim, this 
110-ton gross-weight truck, manufactured by Unit Rig and Equipment Co, 
is expected to cut hauling costs by 10 to 30%. The truck, 41 ft long, 14 ft high, 
can turn 180° in 50 ft, and haul a 55-ton payload up a 6% grade at 8 mph 
Vehicle has conventional steering wheel, foot throttle, brake pedal, but no 
gear shift. Motorized wheel-drives eliminate differentials, transmissions, drive 
shafts and axles. The truck has electric dynamic braking for stopping, and 
hydraulic disk-type brakes for parking and emergency braking 
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THE HEART of this new welding power package de- 
veloped by IRA, is the silicon-controlled rectifier. It 
controls large currents with only a small gating current 
applied by the adjustment of the phase shifter to the phase 
angle of its output. Current is then allowed to flow through 
the welding transformer for a time sufficient to produce 
300-amp welding current. Next smallest comparable unit 
puts out 450 amps, weighs 456 Ib 


New Welding Package Keeps Constant 


Temperature for all Resistance Work 


/HICAGO »ortable welding powe! 
Cui A portabl Iding } 

package (above, left) which maintains 
constant welding temperature for any 


load within its capacity and is capable 


flow. Result 


of all normal resistance welding, has can be 
been developed by International Re 
search Associates here 

IRA’s 60-lb unit occupies less than 
1 cu ft of space, has nominal output 
of 25v-300 amperes and is rated at 
7700 vy amp It 
115 or 220 v, 


Operation is similar to that of power 


operates on either 


60 cycles. 
transistors (above, right): silicon-con 
trolled rectifiers (SCRs 


currents with only a small gating cur 


aircraft structure 


control large 


rent. Line voltage passes through a 
pair of SCRs in the module, through 
the welding 


ponents at 


transformer primary, 
rec dback 


former winding and back to line. Un 


through a current trans 
der open-circuit conditions, potential 


across the welding transformer sec 
ondary is 32 v 

When the struck, 
current flowing through the feedback 


transformer increases sharply, causing 


welding arc is 


a voltage swing which is applied to 
the phase shifter. The phase shifter 


adjusts the phase angle of its output, 





applying gating pulses to the SCRs 


which will allow current to flow 
through the welding transformer just 
long enough to produce 300-amp 
welding current. 


A closed-loop control of the SCRs’ 
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constant 
perature is kept for any arc length 

A wide variety of feedback circuits 
to standard ter 
minals on the IRA power package is available from IRA. Unit will cover 
Ihese connections control bias wind 


connected 


Enctanp—In the de not be fully effective 
sign of aircraft for supersonx 


problems arise due to heating of the 


Where light alloys are used, 
tioning is required to keep the com 
1 temperature 


not affect the alloy strength. This may 


Landing gear shaft 


FLOW THROUGH WELDING TRANSFORMER is con 
trolled by the phase shifter which can increase or decrease 
the firing angle of the SCRs. If the current flow increases 
shifter firing angle, reducing the 
amount of time current that flows during one cycle of the 
line voltage sine wave. This has the effect of reducing the 
the RMS voltage through the welding transformer, keeps 
a constant welding current 


phase increases the 


ings in the phase shifter; they can be 
used with timer devices for spot weld 
control, fre 


ing, for temperature 


quency control and other applications 


firing angle serves to control current \ maximum of four variables may 


welding tem be controlled singly or in any com 
bination. Control equipment built by 
the user will operate the welding con 


trol circuits while control equipment 


spot and continuous welding 


Bearing Design Answers Heat, Strength Problem 


W ARRINGTON, 


yarts in inti 


flight nate contact with th 


ture; i.e. landing gear attachment 


} | 


high subjected 


speeds. { ndercarriages ii¢ 


r condi heavy loads on takeoff and landing 


structural strength becomes the 


} } } ) 
which will sign critenon In the retracted pos 
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HERE’S WHY LEADING OEM's POWER WITH 
DEPENDABLE FORD INDUSTRIAL ENGINES 


Spend a few minutes comparing Ford engines to this 
check list and you'll see why more and more original 
equipment manufacturers are swinging to Ford power. 
Durability and Efficiency! Ford’s deep-block construction 
lessens engine vibration. Short-stroke design reduces fric- 
tion and wear. Hard-faced, rotating valves provide better 
seating, mean longer valve life. 
Compactness! Ford’s compact design with high power- 
to-weight ratio allows greater freedom of design. 
Parts and Service! Ford’s world-wide dealer network 
over 10,000 Ford Dealerships in U.S. alone) offers 
prompt, efficient service wherever you go. 
Wide choice! Ford engines range from 134 to 534 cubic 
inches—including two highly efficient diesels. All are 
available as engine assemblies or power units. 

Little wonder so many equipment designers, purchasing 
agents and sales managers are specifying modern Ford 
power for their equipment. Why not you? 


INDUSTRIAL ENGINES 
AND POWER UNITS 





FORD POWER IS RIGHT FOR 
YOUR EQUIPMENT, TOO! 


INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 598, DEARBORN, MICH. 


- : FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 
( West of Rockies write to: 
FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 
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NOW! AN AEROQUIP LIGHTWEIGHT HOSE OF TEFLON 


NEW “super @em™ Reusable Fit- 
tings of brass and carbon or stainless 
steel provide permanent blowoff pro- 
tection, won't leak, and resist corrosion 


NEW lightweight hose of Teflon has tough, 
stainless steel wire braid reinforcement, ex- 
truded Teflon inner tube, withstands —100° F. 
to + 450° F. temperatures without deterioration. 


New Design Reduces Cost of Hose of Teflon 


LOWER COST OF NEW AEROQUIP 2807 & 2808 HOSE OF 
TEFLON PERMITS WIDE USE BY DESIGNERS OF wordnet Bamana Ree ana nee 
EQUIPMENT USING CHEMICALS AND STEAM 9000 


8000 


Development of Aeroquip 2807 and 2808 Hose of Teflon ex- yrs 


tends the practical use of this high temperature, chemically 800 5000 
inert hose type to many new applications. The new lightweight 800 3500 
design of both Hose of Teflon and its patented* “super geme”” 600 2800 
Reusable Fitting achieves a manufacturing savings compared to sage 1500 [a 
other Teflon hose, without sacrifice in quality. This savings is 1500 8000 
passed on to you. 1000 8000 
Exceptionally long service life is possible in steam and chem- 1000 5000 
ical use, even where flexing and vibration are constant prob- 800 4000 
lems. Operating temperature limits are —100° F. to +-450° F.t 
The unique “ssper gem” Fittings are leakproof and blowoff 
proof, yet can be detached and reused again and again. Fitting 
styles available include male pipe, J. |. C. swivel and 2-bolt somoiete hdd Pislen 


swivel flange ends. Service to equipment * PROTOTYPE 
monufacturers with * PRODUCTION 


0.0 Working Pres., psi. | Min. | Min. Bend 


oON Owe WOW 
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w | 
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ximum recommended steam temperature 


Aeroquip offers a 
* DESIGN 


For complete engineering data on Aeroquip 2807 and 2808 jacaeatnee A enn sane Geena 
Hose of Teflon, fill in and mail the coupon below. aiecie oft minuaiectinte ¢ SERVICE PARTS 


T applications requiring higt temper at $6 se ntact Aeroquip 8 engineering deportment 


“super gem” is on Aeroquip trademark. “U.S. Patent Nos. 2,833,567 ond 2,73 
Aeroquip Corporation, Jackson, Michigan 


° Please send me a copy of Bulletin 1EB-50 covering 
=1 10) ! | | and 2808 Hose for steam and chemica! applications 
Nome — ; i 


Title 
Company 


Address 
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tion, however, the problems of heat 


ing arise with no sure way of cooling 
lo handle this problem, Electro-Hy 


draulics Ltd has designed a bearing 


which has strength and good 
} 


insulating properties. ) 


high DETROI 


t the widths of passenger cars have 
auto to act like 


parents of juvenile delinquents 
landing, ire 


Retracted, the landing gear shaft is caused companies 
supported by the insulated portion « they 
the two-part bearing. In 


doing their best to 


where temper 


strength 


iture is less critical b 


matter internally, and deplore publicity 


required, the shaft on 


grounds of harming community 


supported by the high-strength portion 
of the bearing. In the installation 
shown, landing gear is supported fox 


loads 


relations. 


in two directions, but single-load 


bearings can be designed + to carry truck-variety clearance lamps, 


Experimental Outboard Is Turbo-supercharged 


This 4-cyl, 260-Ib radial engine was designed experimentally by McCulloch Corp 
to develop 125 hp from 90-cu in. displacement. It has direct cylinder fuel injec- 
tion giving specified fuel consumption of 0.55 Ib/bhp-hr. An oil lubricated crank- 
case permits use of straight gasoline (no mixing) and reduces oil consumption 
almost completely. Called the Scott R-120, the engine measures 18 in. wide, 26 
in. long and 52 in. high. It is electrically controlled 


More design details on the 
Scott R-120 on page 50 of this issue 


20 


Recent flurries of argument 


correct the 


A number of States have legislation 
on the books that requires all vehicles 
exceeding specified widths or lengths 


Too Wide or Not Too Wide— 
That Is the Question that Embroils Detroit 


side-marker lamps, side-marker reflec 
tors and identification lights. States 
with such legislation are 
Louisiana—70-in 
length 
Maine—over 84-in. width 
Nebraska—over 80-in. width 
North Dakota 
Tennessee 
Vermont 
Virginia 


width, 15-ft 


over 80-in. width 


over 80-in. width 
82-in. width 
84-in. width 
Wisconsin 5U-in. 
Ontario—over 80-in. width 
Recently, Ontario Provincial Poli 
sent six Ford cars back to the manu 
facturer, that the 


across the reat 


Over! 
Over 


over width 


charging vehick 
measured 814 in. 
bumper. The law-enforcement agenc\ 
unless Ford 


the 80-in 


refused to drive them 


could shave the cars to 
legal limit 
The size 


matter of 


controversy 1S partly 
which is com 


whimsical 


wording, 
pounded _ by politicians 
inxious to grab any herring in an 
election 


year. “Bourbon diplomacy 


is presently soothing the squabbles 


Tennessee has compromised with 


reflective tape; Wisconsin agreed that 
silly: ind 
Ontario took back its Ford police cars 


For their part, the 


the whole business was 
1uto compank 


have informally promised to hold 


79.99 in. or less. And 


the States involved have a plan to 


width down to 


revise their laws to read “commercial 
vehicles, as 

No auto company 
quoted, but all 


PrRopuct 


was originally intended 

wants to b 
acknowledge to 
ENGINEERING that new de- 
slightly 


worst culprits are Ford 


signs have been slenderized 
Surprisingly, 
and Chevrolet, vehicles from the 

called low held They have a 


esitth of 81.5 and 80.8 in. respectiveh 


price 


Most of the overhang is due to non 
essentials such as wrap-around bump 
ers and protruding fins 

Car makers agree that States should 
ease wording of their legislation b« 
cause station least, ma\ 
logically grow wider and longer. Both 
owner maker would be “em 
barrassed” if the wagons were catego 
Detroit 
that 


passenge T-Cal 


wagons, at 
and 


rized as commercial vehicles. 


designers also point out with 


few exceptions, widths 


ire well defined by existing lighting.® 
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Sharp Eye for 
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=== CORROSIVE 
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In many metals including... 

STAINLESS STEEL 

MONEL « NICHROME 
PHOSPHOR BRONZE 

Photoscan reconnaissance system de- . ALUMINUM 

velopen by Columbia Broadcasting BRASS © COPPER 

System labs is said to transmit un 


usually clear images from airborne 


For many uses involving... 
drone or satellite to ground receiv 


ing station. This experimental aerial FILTER CLOTH © SIEVES 
view of Boston is a 13X enlargement : STRAINERS « SCREENS 
of readout from 24 x 2}-in. negative ; BACKING CLOTH 

High resolution results from the large - WIRE GUARDS 

umount of information th« clectroni ‘nemo BOLTING CLOTH 
system can transmit \ Photoscan 

picture contains about 150 million | SPACE CLOTH 


picture elements, CBS scientists say, 


« 
aor 


Mathie a 





+ ot 


compared with 300,000 for a typical 

I'V picture. Airborne equipment in 

cludes camera, film processor, a line 

scan tube especially developed for the 

system, photomultiplier tube ‘ powe! | If you have a tough corrosion problem and need wire 

generator and transmitter. Transmis , 

sion frequency for system is in the mi- | cloth or wire cloth parts, here’s a source of supply that 

crowave band, hence _ transmissior 
ae year oarepepen knows the answers. We are proud of the quality of our 

from drone to ground is limited to 

line of sight unless relay planes ar cloth...accurate mesh count, close tolerance wire di- 


used 


eal . . ameter, precision weaving...plus the know-how neces- 
British Assign Science 


Attache to Moscow 


Lonpon—The first British scientific 
attache ever assigned to the USSR has 
taken up duties at the British Embassy 
in Moscow He is D. A. Senior, 4°“ ACCURACY 
member of the staff of Britain’s Dept 
of Scientific and Industrial Design 


According to thi department, bee , ’ te & 
Senior has no specific technical assign ‘ates weere tate ire ot 
ment in the Soviet capital, but will a : ~ - 
cover the “broad field of science and M 
technology, embracing the physical Cc ©] PA NY 


sciences, biology and medicine.” = 351 Verona Avenue * Newark 4, New Jersey 


sary to specify the proper alloy for your service conditions. 


h lem 
NEWARK Write or call us today if you have a prob 
calling for anti-corrosive wire cloth or wire 
cloth parts. Send for Bulletin F-C. 
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SHARONART * 


a new idea in steel...sparks a new idea in 


Vending machines can now stay brighter, 
newer, longer... thanks to amazing 
new Sharonart*. 

Believing few machines are subject to 
the abuse received daily by the vending 
machine, nationally famous designer Peter 
Schladermundt recognized the many ad- 
vantages Sharonart* would impart to this 
hard working equipment. 

Sharonart* is patterned steel at its 
finest . . . and the many pattern combi- 

Famed designer nations present a new plateau for the 
machine designer.He can now make model 
Peter Schladermundt changes simply by altering steel patterns. 
creates new machine concept But more important, Sharonart* resists 
marking and now vending machines will 
using New Sharon Steel. be able to absorb much more punishment 
without losing their attractiveness. Too, 
with modern painting techniques, manu- 
facturers are able to achieve smart, new 
color combinations to give their product 

even greater beauty and sales appeal. 

Wherever functional beauty and long 
life are desired, Sharonart* is the one 
perfect metal. For additional information 
write Sharonart, Sharon Steel Corporation, 
Sharon, Pa. 

Aside from designing the vending machine of 
Sharonart*, Peter Schladermundt has created an 
entire new process of machine vending. By de- 
veloping special racks, machines can be easily 
added and removed according to demand, and/or 
for refilling. Rack could be made as a fixed wall 
type, or as an island, with machines operated 


from both sides. Machines could be hung in- 
dividually or doubly, saddle style. 


Note: The vending machine idea illustrated 
on these pages is not now a manufactured 
product. It is a design only. “TM 


SHARON “4 STEEL 
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| TRENDS IN APPEARANCE DESIGN 














Fresh Foods 
38°F 








Meot Keeper | Vegetable 
30°F Krisper 


; 36°F 
19 %H 90% H plus 





Frozen Foods 
O° F 


Refrigerator uses cold-injection system to maintain its four food storage areas 
at four different temperature levels (see drawing ). Not counting nameplates, 
this appliance also crowds four different surface treatments into a front no 
taller than model in picture. By Westinghouse Electric Corp. 





eo 


uate 
= 
s 


> 
o 
he P a \ 


Po 
= 
™~. 


Rotary centrifuge can be used to test components or small assemblies 
under acceleration forces of 1 to 100 g. Composed largely of standard 
parts and regular mill forms fabricated with minimum detail, unit 
has clean, integrated look of a tool. Made by Gyrex Corp. 


Looking as though it had been con- 
ceived especially to illustrate author 
Lekas’ remarks on facing page, this 
portable clock-radio has a plastic case 
shaped nicely for holding in the hands 

but almost completely obscured by 
metallized panel trim and rivet heads. 
By Pentron. 
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TOO MUCH SAMENESS— 
PITFALL OF INDUSTRIAL DESIGN 


JOHN P LEKAS, vice-president, Genesys Corp 


@ What happens n 4% ply th Our portable radios have beet 
principles of art to the proport I rusted with artificial texture and 
tours olors and te ire esent-day light emphasizers Antennas and tu 
manufactured products? ol i the devices requir icealment 
greatest art movement t : eve have the mandate of market survey 
seen—at least in I ‘ imber f ialists, proportions are dictated by 
persons employed, f products, man engineers. The 
and even, perhaps, social im l ible look” has 
though industrial design is only m tating mach 
30 years old, it ha lready dev ped iow they also look like portal radi 
und discarded certain recognizable trends Washing machin stoves and other 
in design philosophy ich as streamlining supposedly “home applian | 

yntinental”’ | juired pushbuttons, spc 

extensive control panels 
ommercial esses enjoved by dashboard” look 


the earliest practitioners of industrial de- Boats were temporarily immune, p1 


nt 
r 
+ 


Th sul their applying art ubly because of traditional constructior 
to mass pro 1 nfi € popular methods. But now they, together wit! 
} 


appeal of beaut; ich | lready bec outboard motors, have taken on a sam« 


ness highly reminiscent of automobiles. 
‘he electronics industry as a whole had 
I} lectror lustry a vi 
rom then istrial a singular indifference earance that 
| + 
recognized vell ; lasted for a long time—s ising in a new 
an eminently justifiable young industry. This was probably bi 
recognition has bee rded it ause of the pr ponderance of ready-made 
dustrial designers enoug knobs, meters and other hardware, coupled 
rant a leng and probing lool € aj with the engineer's love umetry and 
proaches they have evel r wrinkle-finish paints 
their own work responsibili t Everyone was s: 
some time now designer ve of the ‘trade 


i 


of development where they could and black panels 


parently felt that they have reached a point the same kn 


should criticize certain design trends. On ipparently inspired a few 

example is their protests against the regi styling, to relieve the masses of grey and 
mentation of American automobile d black. A deluge of moldings, unnecessan 
sien. But are they themselves entirely urves, streamlining, windshields and 
beyond reproach? <A similar tendency hoods, slanted panels and wrap-around 
has been developing in many of th chrome resulted. The trade shows now 
products worked on by . am n looked like parking lots wit arpeting 


dustrial designers But the new ameness 











Severe lines and blocky shapes may not be 
enough to create a “machine” look, as in 

this universal precision lathe designed by 
Atelier Technes, Paris, for S.A. Mondiale of 
Belgium. Black, chrome and white color scheme 
apparently unrelieved, even by color coding of 
controls, and lettering and numerals are 8o 


restrained that operator probably must peer 





closely to select settings. 
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Good to the last bite... 


Nicholson files and rasps, manufactured by the Nicholson File Company 
of Providence, Rhode Isiand, are regarded by tool experts as among the 
finest in the world. A long history of experience and research has taught 
Nicholson craftsmen how to make good, long-lasting products. 

In file or rasp-making, preparation of the steel is paramount. After 
precision forming, the steel is carefully heat treated to develop uniform 
internal grain structure. A reciprocating chisel cuts the teeth, then the 
file or rasp is heated in a lead bath and quenched to develop hardness 
It is cleaned and sharpened by sandblasting, the tang is heat treated to 
improve toughness, and the file is finally inspected. 

U.S.Steel metallurgists have worked closely with Nicholson's 
designers to provide just the right special-purpose steel for each special 
purpose file or rasp. Just as there is no one all-purpose file or rasp, steels, 
too, are made with an almost countless variety of physical and chemical 
properties. Every day U.S. Steel produces ‘‘special purpose”’ steels, with 
a chemistry to meet a designer’s specific requirements. As the Nicholson 
File Company knows, “‘steei’’ is not a single product. It is an almost limit- 
less array of practical solutions to the problems of the most imaginative 
and demanding designer. U.S. Steel research is available at all times to 
help you get a job done right. United States Steel, 525 William Penn 
Place, Pittsburgh 30, Pennsylvania. USS is a registered trademark 


United States Stee! Corporation — Pittsburgh 
American Stee! & Wire—Cleveiand 
Columbia-Geneva Stee!—San Francisco 

Tennessee Coal & iron—Fairfield, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 





READER TO EDITOR 


Draftsmen Speak Out 
To the Editor 


I've just finished reading Mr Creed’s 
omment in the Dec 14th issue 
lating to draftsmen. I don’t necessarily 
agree with Mr Creed as to the method of! 

it standardization of the draft 

it I have to sympathize 

1 draftsman myself an 
ie Situations © 


own experience that a 
the necessary intelligence 

t of both the engineer: 
idmit that M 
it that we are mere tran 
I wondered wha 
ind other engineers tl 
wht. I feel that he mad 
ut of pure emotion rath 

; 


I must 


lood boil 


rafttsman innot fur 
vithout the aid of 
engineer would not 
ong without the aid 
Management should 
redit where credit 
hould be given no 
than what they 
With a little 


in become engineers and 


ywn merits 
ist capable and respecte 
should have a means of 
ights in a society of o 
it the aid of tl 
uld | 


translator 
ye in Sorry mes 

answer, nor is reb 

get together in a group of 
the society engineers on 
and arrive at a status for 
ind a standardization of 


Keirn F Neat 
Weverhaeuser ( 


Chehalis, Wash 


| m your purpose 
t not to start a fur 
men and engineers 
int possibly do the job 

e othe we can do 
Bill Smith whose 
Ld ‘ r rate 


li 


organization 


i¢ RliiZe 


nagazine please, no 


1 the mail, just show product 
] Kaper 
Long Beach, Calif 
litt oncerned about your 
that our primary purpose 1s to 
ts, because I don’t think that 

»b of the editors. Admittedly 
are mostly intended to sell prod 
services, but our editorial job 
de information to design engineers 
felt that this should be broader 


ist providing information about 


materials, products and new design 
techniques. We feel it is also our r 
sponsibility to do everything we 
help the engineer improve his working 
environment and to make his job more 
satisfactory both to him and to his em 
ployer. This occasionally necessitates out 
getting into called per 
onnel problems, but we have no intention 
of stressing these to the 


ther things.—E]T 


can to 


what might be 


exclusion of 


Advertised Jobs 


lo the Editor: 

My experience in answering box-num 
ver advertisements in magazines and new 
while seeking reemployment, has 


ecn Vel 


papers, 
I discouraging. I would estimate 
that in the past year there has been a 
/%, failure of advertisers to acknowledge 

eipt of such replies Resumes and 
letters require time and money to prepare 
and in no case have I answered an ad 
vertisement where I did not feel that I was 
fully qualified for the job specifications 
presented 

This situation leads one to doubt that 
there is a genuine requirement for such 
1 position as advertised, and gives reason 
to suspect that the company advertising 
is trying to make of availabl 
yersonnel, or they are trying to 
the ones in their own organization who ar 
nhappy in their present position 


—Rosert W Revrnicxk! 
Oak Park, Il 


2 Survey 


“bait out” 


When to Snitch 

l the Editor: 
According to 

f a Snitch N 


either 


snitching 
itching 


nothing in 


hou d 


vad SeT 

to obe 

1 

ve woul 


mobster 


a lot of snitching 


, 


» mind rred abot 


a month ago. A small but important part 


on one of our machines broke down. It 


was noon Friday when we found which 
one it was, so I called a factory 500 miles 
away and asked them to airmail us a rc 
placement. The person I spoke to said the 
part was in stock, but he started giving 
excuses why he couldn’t get it out that 
afternoon. Finally I asked him to get it 
out on Monday. On Thursday the part 
had still not come in so I sent a letter 


lent of the company, giving the 
details of the case. Friday morning I got 
a call from the president stating that he 
had given the man hell. He said the part 
should have gone out Friday. 

He further stated that the part would 
still not have gone out if I hadn’t 
snitched the man had simply 
put my order under a pile and forgotten 
about it. What was I supposed to do 
then? I believe when a thing is wrong, | 
should send in a letter of complaint; 
ind when it is good, send a letter of 
commendation—and I have always been 
working on this basis. 

im rious as to what you would 
this hypothetical case. Your mother 
widow, very poor and has to work 
You are about 12 years 
Your mother keeps the rent money in 
I brother taking 
He knows 
When the man comes for 
mother goes to the jar and 
What do you do? 

—T] H SpearRMAN 

Brooklyn, N Y 
eTh hould have been told at 
once se everyone’s future depended 
might be called snitching 


ition. —EJT 


to the presk 


DeCaA USE 


rd for a living 


1 jal ing you see your 
the money and spending it 
you saw him 
the rent your 


there is no money 


Poet’s Corner 


To the Editor 
Regarding your Dec 28 is 
lights,” specifically Tailpiece 
THE SWIVEL SEAT 
el at a decided treat 


who’s a sporty onniver 


of the hip 


COMING EVENTS 
FEBRUARY 
24-25 . 


I hn i ind 
Cleveland 


Malleable Founders Society, 
Conference 


Operating 
MARCH 
a «ss ricat society of 


Turbine 


Rice 


Founders Society of 
Annual Meeting, 


7-8... 
Amer 
Hotel, Chi 


Drake 


15-17 . Society of Automotive En 
gineers, National Automotive Meeting 
Sheraton-Cadillac Hotel, Detroit. 


29-31 .... American Society of Me 
chanical Engineers, American Power Con 
ference, Hotel Sherman, Chicago 
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Every Hour M.S. Little Brass Goods Company —! 


aoe 
—h 


Makes 650 Appliance Fittings Better 
With HANDY & HARMAN SILVER BRAZING 


Rotating jig showing mounted assemblies entering and leaving gas-air furnace. 


This Hartford, Connecticut, company makes—in volume—an assembly that goes into 
the overflow system of household appliances. The assembly consists of brass tubing and 
a machined brass casting. The two components are joined by a preplaced ring of 
Handy & Harman Easy-FLo 45 silver brazing alloy and HANDy FLux. Heating is auto- 
matic gas-air; parts are placed on a rotating turntable to pass through the gas furnace. 
Every 60 working minutes, 650 assemblies are completed. 

The advantages here are that the manufacturer can use thin-walled tubing with 
heavier, threaded components at no sacrifice in strength. Because of Easy-FLo’s 
penetrating qualities, the entire shear area is fully as strong as the solid parts of the 
assembly, yet considerably lighter. And, casting and machining the components for this 
assembly have been greatly simplified. 

Are you in pursuit of a metal-joining method which offers—among other advantages 
—high, uninterrupted production at low capital investment? You may easily find the 
answer in Handy & Harman silver brazing. Hundreds of manufacturers and fabricators 
b i of as many different products, parts and components are right now enjoying the speed, 

economy, strength and flawlessness of brazing. You can too. Just ask Handy & Harman, 
Left— brazed assembly. Right— components 82 Fulton Street, New York 38, N. Y. 


with preform ring of Easy-FLo 45, 
COMING IN NOVEMBER! 
New Handy & Harman Brazing Correspondence Course. Simple self-study data on all 
phases of brazing. Send for details to Dept. BC. 


FOR A GOOD START: Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Plants 


= oo . 1 . Bridgeport, Conn 
BULLETIN 20 r Bi Chicago, til 
This informative booklet gives a Cleveland, Ohio 


r Dallas, Texas 
good picture of silver brazing and Detroit, Mich 


owes ey HANDY & HARMAN @2:/" 


sign and production techniques. a General Offices: 82 Fulton St., New York 38, N. Y. San Francisco, Calif 


Montreal, Canada 
Write for your copy. e DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canada 
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Armature-mounted Torrington Drawn 
Cup Roller Bearings offer these out 
standing advantages: 


Torrington Drawn Cup Roller 


Bearings Used in Valiant’s Alternator 


Compactness, efficiency, economy, reliability ... these are outstanding 
features of Chrysler Corporation’s exciting new small car...and of 
Torrington Drawn Cup Roller Bearings. Used by Chrysler in the Valiant's 
new alternator system for electrical power generation, these bearings 
provide smooth, trouble-free operation and long service life without need 
for relubrication. 

Torrington Drawn Cup Roller Bearings offer performance advantages 
in all types of generators and appliance motors. The cost is remarkably 
low . in many cases, armature bearing costs have been lowered by as 
much as 50%. For advice on the application of Torrington Drawn Cup 
Roller Bearings to your specific problems, call or write: The Torrington 
Company, Torrington, Conn.— and South Bend 21, Ind. 


TORRINGTON BEARINGS 


Every Basic Type of Anti-friction Bearing 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER 


CIRCLE 30 ON READER SERVICE CARD 


Highly efficient roller guid- 
ance 


Ample provision for lubricant 
storage and circulation 


High capacity in small cross 
section 


Long pre-greased service life 


Outstanding efficiency at 
high speeds 


Easy mounting by press fit 
Simple housing design 


Low unit cost 


* NEEDLE ROLLERS + THRUST 
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The Prime Mover Company, 
manufacturer of materials 
handling equipment, says: 


Our “Prime Movers” 
give these 6 parts a 


terrific beating...that’s 


why they’re made of 
LaSalle 


Use this coupon to request technical bulletin announcing improvements in LaSalle stressproor Steel Bars... with copper. 





Engineers of the Prime Mover Company, Mus- 
catine, lowa, demanded the most dependable stee! 
bars available for six important parts of their 
transmission assembly. Here are some of the 
reasons they specified STRESSPROOF! 


You don’t have to heat treat srREssPROOF! There’s 
no heat treat distortion. 


STRESSPROOF is strong . . . 100,000 psi. 
It machines faster ... at 83% the speed of B1112. 


It wears better without case hardening . . . re- 
placing .40 carbon alloy steels and other heat 
treated and alloy steels, such as 8640, 4140, 
C1045, C1141, and C1137. 


It costs less than heat treated in-the-bar alloys. 





3 50th Stree 
aA Salle STEEL CO. 1430 150th treet 
Hammond, Indiana 








Please send technical ¥ Title 
bulletin ‘Today's -* 


Improved LaSalle - | Company 


STRESSPROOF Steel 
Bors...with Copper.” 


l 
! 
| 
I 
! 
! 
| Name 
| 
| 
! 
I 
| 





City 





Address__ 





State 
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when your PLANS 
call for WHEELS cai// 


ELECTRIC 


For experienced sales engi- 
neering and the fast design- 
to-delivery-date service our 
central location offers you. 


Your ELECTRIC sales engineer is an able 
helper when it comes to putting your ideas 
on wheels. He can help you with a new 
design, make cost-cutting suggestions for 
a redesign, give you prices while you're 
planning. 

What’s more, we back him up—with the 
production capacities and qualities of an 
automated operation, an ideal location and 
years of agricultural and industrial expe- 
rience. 

Call or write today for the exact dise or 
spoke type whee! (steel or rubber tired), 
rim, hub, axle or component pari you're 
looking for. 


“What we sei/ is quality and service” 


BBCI 


WHEEL COMPANY 


Write to Department 4-3 
120 N. 28th St., Quincy, illinois 
BAidwin 2-5320 
Division of The Firestone Tire & Rubber Co. 
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. simple, inexpensive weight indicators or load cells 
for common weighing jobs that do not require great 
accuracy. Bathroom scales, for example, are a complex 
collection of levers and springs needing constant recalibra- 
tion with zero adjustment control. Increase of friction at 
certain points in the linkage can cause inaccurate readings. 
Why not a bathroom scale in which load is sensed by a 
fluid-filled rubber pad and weight displayed on a simple 
manometer? It could be hung on the wall at eye level and 
fed by rubber tubing. Even a burdon-tube gage could give 
an inexpensive instrument with very iittle to get out of 
order. Another possibility: rugged, electronic transducers 

strain gages, piezoelectric elements—sending signals to 

a small, battery-powered, transistorized amplifier and gal 

vanometer. A switch in the platform would turn off power when not in use. 

Home food mixers could be improved with a weight-sensing element in the 

platform supporting the mixing bowl. This would simplify mixing ingrediecats 

when the recipe calls for quantities measured by weight rather than by volume. 
Another application for the inex- 
pensive load cell is an aircraft landing 
gear. An attachment to a strut or 
some other convenient spot would 
indicate total weight of passengers 
and cargo, and tell pilot if weight was 
safe for takeoff. Or with separate in- 
dicators on main gear and tail wheel 
(or nose wheel), weight distribution 
could be checked to avoid excessive 
center-of-gravity displacement. Cell 
should be rugged enough to take high 
landing loads or have provision for 
lock-out so that it supports load only 
when measuring weight. —R Maru 


. a V-belt pulley with an adjust- 
ment for changing the diameter by 
small amounts. Would be particu- 
larly valuable when a load is driven 
by multiple V-belts. Frequently, one 
belt in the group is slightly larger 
to begin with, or is stretched or 
worn to a slightly larger diameter. 
When the difference is large enough, 

the largest belt begins to slip and there is no way of adjusting it relative to 
its companion belts. With a pulley made up of small segments and a conical 
wedge, both driving and driven pulleys could be expanded without changing 
the ratio between driver and load. The expanding pulley would also simplify 
adjustment of single-belt drives where both the driving and driven units 
cannot be moved easily on their mounts. C L Beppic 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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ADIPRENE L 


new Du Pont liquid urethane elastomer 


a NYLON 





CARRIES A HEAVY LOAD An outstanding attribute of 


this new Du Pont synthetic rubber is its combination of toughness, 
high load-carrying ability and resilience. Load-bearing capacities of 
hard ADIPRENE L compounds far excel those of general purpose 
synthetic rubbers. 


GENERAL PURPOSE 
MATURAL RUBBER 





n 
% DEFLECTION 


RESISTS ABRASION Both in the laboratory and in 


actual service, ADIPRENE L has demonstrated its ability to resist 
wear. On industrial wheels it has outlasted natural rubber as much 
as 10 times . . . has more than doubled service in pump impellers 
handling abrasive slurries. 











NOT BRITTLE AT “EIGHTY BELOW” aienene 1 


vulcanizates maintain their resilience at —20° F. . . . and do not 
become brittle at temperatures as low as —80° F. They exhibit out- 
standing resistance to thermal shock, and will operate at intermit- 
tent temperatures as high as 250° F. 


OTHER PROPERTIES Products made from ApIPRENE L are available in 


various hardnesses from 10 to 99 Shore A (78 Shore D). They resist the action of 
lubricating oils, greases, weak acids, alkalies, as well as oxygen, ozone and radiation. 
Suggested uses for ADIPRENE L include industrial rolls, motor mounts, seals, potting 
compounds, solid tires, striker plates, wear-resistant linings and coverings. Write 
for booklet on properties and applications of this new material. E. I. du Pont de 
Nemours & Co. (Inc.), Elastomer Chemicals Dept. PE-2, Wilmington 98, Delaware. 
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MEASURING ROUNDNESS 


OF 
INSTRUMENT 
BALL BEARINGS 


By RICHARD E. AMIDON, Staff Engineer, Production Engineering Department 
New Hampshire Ball Bearings, Inc. 


Roundness of instrument ball bearings is a variable not covered 
by ABEC standards. Yet, it is an important factor in running 
quality. Since it is a very difficult variable to measure, except 
with costly equipment, most users must accept roundness 
on faith. 


Roundness can be defined as “equidistance of all points on a 
curved surface from a fixed center’. To measure roundness of 
a ball bearing component, therefore, you must establish its 
center and radius. However, since its center is not accessible 
as a point of reference, you must establish an “artificial” center. 
The closer the assumed or artificial center is to the actual center, 
the more accurate a given method of roundness measurement 
will be. 


What you’re really measuring is out-of-roundness, or deviation 
from a true circle. Such deviations are called lobing. There are 
three common ways of measuring out-of-roundness. 


THE TWO-POINT METHOD 

Most widely used of all measuring techniques is the method of 
measuring various diameters between two anvils as in a mi- 
crometer or two-point gage. The difference between the largest 
and smallest diameter is out-of-roundness. This method is 
accurate only if there is an even number of lobes of equal height 
and symmetrical spacing. Notice in the accompanying sketch of 
a three-lobed shape, all three diameters are equal... and the 
two-point method would indicate perfect roundness. 


THE THREE-POINT METHOD 
When an odd number of lobes exists, a three-point gage can 
be used to measure out-of-roundness. Variations are measured 
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by rotating the part between two fixed points at a known angle 
with each other and a movable point connected to an indicator. 
This method, which calls for calculations to convert indicator 
readings to true-out-of-roundness, is accurate only when the 
number of lobes is known and they are symmetrically spaced 
and equal in height. 


ELECTRONIC GAGING 

Fortunately for you, instru- 
mentation has been recently 
developed which measures out- 
of-roundness directly as radial 
variation with accuracy to 
several millionths of an inch. 
The part to be measured is 
chuck-mounted to a precision 
spindle and slowly rotated. An 
electronic gage head translates 
radial surface variations into a 
polar chart trace with deviations 
magnified as much as 10,000 
times. Comparison of the chart 
trace with concentric circles of known radii reveals absolute 
deviation from a true circle. New Hampshire Ball Bearings, Inc. 
was the first to use this instrument as a quality control tool in 
the laboratory and on the production line. Other instrumenta- 
tion used to assure the running quality of New Hampshire 
Bearings is described in our new Design and Purchasing 
Manual. 


POLAR CHART TRACE 


NEW DESIGN MANUAL 

Newly revised and expanded, this authoritative publication 

covers everything you need to know about applying and 
buying miniature and instrument ball bearings. 
Comprehensive general information, catalog data 
and engineering bulletins are included in its 
100-plus pages. Personally registered copies are 
available to qualified engineers, draftsmen and 
purchasing agents. Please send your request on 
your company letterhead. 


NEW 
BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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FF inancial publications report one consolidation after an- 
other—many of them small plants absorbed by larger 
ones or more-conservative companies absorbed by more- 
aggressive ones. One company after another either builds 
or licenses a foreign company to manufacture its products 
overseas—some for import into the United States. Com- 
panies of all sizes abandon product lines. 

All of these happenings are related to accelerating 
changes in our economy that favor the big and diverse 
organization, the aggressive merchandiser, the quantity 
producer. Modern manufacturing techniques based on 
automation— to defeat rapidly mounting labor costs— 
require quantity production and major investment. The 
small manufacturer often cannot compete because of the 
high percentage of costly labor in his product and the 
necessity of bold merchandising on a national basis in an 
economy of plenty rather than scarcity. Economists and 
business leaders begin to say that it is our duty to buy new 
products and discard the outmoded but not outworn ones 
so our economy can continue to expand. 

These developments are confusing enough to my some- 
what dated schooling in economics, but even more con- 
fusing is the occasional appearance of an organization that 
defies classical concepts of the industrial company. This is 
the purely engineering organization whose products are 
ideas and drawings—no hardware—and the concurrent evo- 
lution of a purely manufacturing organization that does 
no engineering. Before World War II, there were occa- 
sional companies which supplemented their own manufac- 
turing volume by producing house-brand products for big 
merchandisers like Sears Roebuck. World War II require- 
ments for engineering were a major factor in development 
of the purely engineering organization and its opposite 
number, the sub-contract manufacturing specialist plant. 
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Since then, there have been periodic reports of compa 
mies that abandon manufacturing or radically change theit 
character after consolidation, the specialist maker of air 
conditioners, radio or TV chasses or pressure cookers who 
supplies several name-brand merchandisers. In one or two 
instances, the maker had his own brand but gave it up 
because he couldn’t sell it as effectively as his customers. 

This phenomenon is not only evident in hard goods; 
about ten of the dozen current instant coffees come out 
of the same plant, each blended, packaged and trademarked 
to its “maker's” specs. When aerosols were new one com 
pany packaged for a dozen others, because the machinery 
cost so much. 

Are we trending toward industry subdivided into large 
specialist manufacturing plants, each subcontracting for a 
number of engineering and merchandising organizations? 
Obviously, our high-labor-content products like machine 
tools, other production machinery, materials-handling 
units, instruments, now built almost on a custom basis, 
could be built more cheaply if all production of each were 
concentrated in one or two plants. This is nothing new in 
other areas, civil engineering, for example, where buildings, 
bridges, highways and manufacturing plants are designed 
by engineering organizations and built by contractors. And 
it’s precisely the method by which the USSR. is achieving 
high machine-tool production rates. 

What will this do to the design engineer if it comes 
about? Will it make him more the professional, less the 
employee? Will it place a still higher premium on crea 
tivity? Will it require the design to be without manu 
facturing headaches when it is released to production? 
Would it increase the present 5:1 ratio of designers and 3:1 
ratio of researchers to production engineers? 

We'd guess the answer to all these questions is yes 





Honeywell's new 
Solenoid Valve for 


automatic water control 


1. No water hammer New Honeywell high capacity Solenoid Valve is designed to 

eliminate water hammer. Use this pilot-operated, soft-seated 

? Noiseless valve for reliable, automatic on-off control of water or other 
% light, non-viscous, non-corrosive fluids. 


3. New high capacity Available in 4%” and %" sizes. Both valves have same high 
flow capacity as similar hand glove valves. Valves are available 
ilnt. for normal and chilled water applications... operates from 
4. Pilot operated any standard SPST controller or on-off switch. Power head 
tn. can be rotated 360° for easy wiring. Valve may be cleaned 
J. Easy to clean without removing from the line. Body material is brass. For 
complete details and specifications, call your nearest Honeywell 
dealer; or write: Minneapolis-Honeywell, Department PE-2-42, 
Minneapolis 8, Minnesota. In Canada, Honeywell Controls 

Ltd., Toronto 17, Canada. 


Honeywell 
7 ‘H) Fiat in Coutiol 


CERING THE FUTURE 


SINCE 18665 
: 
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are 
CREATIVITY TESTS 
helpful? 


DR DONALD A SCHON, Arthur D Little Inc 


B ndustrial managers faced with the problem of finding, 
selecting, or placing inventive people the past few years 
have run up against “creativity tests.” While these tests are 
by no means all alike, they are, for the most part, of the 
written and “objective” type, often automatically scored, 
and claim a positive correlation between high scores and 
something called creative performance. Such tests are com- 
ing more into vogue with management’s growing concern 
with the problem of “creativity.” 

A number of people have worked on test development— 
A. C. Guilford at the University of Southern California, 
Frank Barron of the University of California at Berkeley, 
and Morris Stein at the University of Chicago, to name a 
few—and they have explored many approaches. While all 
have tried to establish a positive correlation between cre- 
ative performances and some variables, there has been little 
agreement about the variables. 

In some cases, the individual’s history is selected; in 
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others, attention is focused on his demonstration of certair. 
skills, aptitudes, or traits. These, in turn, may be closely 
related to skills involved in job performance, such as devis- 
ing new uses for tools; or they may involve word-fluency, 
ability to perceive figures in backgrounds, and the like, 
which are only indirectly related to job performance. 
The AC Spark Plug creativity tests, developed under the 
influence of Alex Osborne, include some items as: 


© Devise as many improvements as you can for the auto- 
matic toaster. 
e List as many uses as you can for rubber tires 


e Here is an unusual situation: List as many consequences 
as you can. 


Creativity tests developed at the University of Pennsyl- 
vania involve, in part, the individual’s ability to identify 
words whose letters have been partially obliterated. 


continued on next page 
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“CREATIVITY TESTS” continues 


Claims made for these tests also vary. Some claim a 
positive correlation no higher than 70%, while others claim 
is high as 90% or greater. These figures are not truly 
comparable, however, because of the variety of methods 
used to establish validity. Some authors compare test scores 
with school grades; others with on-the-job “performance” 
or “creativity” ratings by supervisors or peers. Still others 
compare test scores with records of past innovation as 
reflected in such tangible criteria as patents or scientific 
papers. A major difficulty is that these criteria of validity 
ire frequently as debatable an index of “creativity” as the 
creativity test itself. 

In view of these difficulties, why should psvchologists 
want to develop such tests in the first place, and why 
should industry want to use them? While I find this a 
rather puzzling question, I can imagine such answers as: 
© Standard interview procedures have not proved particu 
larly successful 


@ Sometimes choiccs must be made in a time period that 
does not permit extensive interviewing 


e Creativity tests provide a uniform and neat index. The 
are tangible, easy to handle and to compare, and provide a 
statable and objective basis for hiring or rejecting 

e They are more scientific and controlled. 


Rather than question the legitimacy of these motives, 
or even the theoretical possibility of developing satisfactory 
tests of individual creativitv, I would like to concentrate 


here on certain apparent assumptions made bv authors 
of all these tests. 


Does Industry Really Want Creativity? 


The first of these assumptions is that industrial manage 
ment really wants creative people. This is like assuming 
that management really wants new products. But compa 
nies claiming to want radically new products are frequent], 
skillful at erecting barriers to their development—which is 
not surprising when you consider the risk involved in 
new-product development, the tendency of organizations 
to resist change, and the organizational changes often 
required in implementing radical new-product ideas. 

Management shows conflicting official and unofficial 
attitudes toward “creative people.” On the official level, 
most contemporary management hankers for creative tech- 
nical people. Personnel advertisements make this clear. 
On the unofficial level. however, management has abun- 
dant evidence that highlv original people are often a maior 
nuisance. Thev are likely to show in their personal be 
havior the same eccentricity thev show in their ideas; to 
have exalted images of their own abilities; to show great 
drive and aggression, not alwavs apparently directed toward 
management-approved goals. Thev tend to expect imple 
mentation of their ideas, perhaps with unreasonable speed 
Thev show impatience when obstacles present themselves 
For these reasons and others, the most innovative technical 
eople are by no means alwavs the most cherished by man 
iwement. Frequently they fail in their attempts to gain 
respect from management. Ther 
leave after short periods of time. 


become dissatisfied and 
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Personnel-selection techniques sometimes give the lie to 
management's official goals, providing virtual insurance that 
highly innovative people will be rejected or will be selected 
in very small quantities. Consider the selection of techni 
cal people in terms of a “company type.” Many innovative 
people tend not to fall into such types. Selection of people 
on the basis of the consensus of a committee is likely to 
eliminate such people because their personalities are strong 
enough to alienate at least one out of every three or four 
people who interview them. 

The question can be raised, therefore, whether thos« 
who are moved to develop creativity tests by management's 
stated desire for creative people are being induced by man 
agement’s official views to provide techniques of selection 
which are in conflict with management’s unofficial views 


is Creativity a Homogeneous Thing? 


The authors of creativity tests tend to make another 
important assumption. They assume that the various things 
management calls “creativity” are homogeneous and con 
stant enough to be identified by a single test. But “cre 
ativity,” and therefore the sort of test capable of identifying 
creativity, varies greatly with a number of things 


One of these variables is the kind of industry. Tw: 
extremes suffice to make this clear: Let us think of the 
creativity involved in developing a new-product idea. What 
does this mean for a manufacturer of consumer food prod 
ucts as opposed to a manufacturer of locomotives? In the 
food industrv, a cake mix with a new flavor may serve as a 
new product. I would submit that the sort of “creativity” 
required for the development of this new product has mor« 
to do with a sensitive intuition of people’s needs and mat 
ket responses than with the solution of technical problems 
In the locomotive industry, however, a new product may 
be a gas turbine as opposed to a diesel engine. And her 
the engine would not, in all probability, be the product of 
a single man. The ingenuity of a single engineer could be 
exercised in the development of a new electric control 
system or the design of a new turbine blade. There seems 
to me to be no a priori reason for believing that the kind of 
creativity in the two cases is the same 


Another variable is the kind of problem. Contrast the 
kind of creativity required to solve a problem in rough-and 
readv product development as opposed to a problem in the 
oretical physics. The product-development problem may 
require development of a new kind of adhesive for polvethy 
lene. Probably this will mean trying a number of different 
adhesives, testing them under varying conditions, noticing 
the dir-ction of results. The investigator's manipulative 
skills will be important. He will have to be able to distin 
guish between results from his own carelessness or skill and 
results from the inherent quality of the adhesive. His “feel 
ing for materials,” his past experience with them, will be 
verv much involved 

On the other hand, the problem in theoretical physics 
may require no manipulation of materials at all and may 
depend very little on past experience with similar problems 
If it has to do, for example, with the calculation of elec 
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tron spin, the primary skills involved may be mathematical 
sophistication, the ability to manipulate concepts, to con 
ceive of relations of numbers broadly and flexibly, etc 
Why assume that “creative” men from the two diverse 
fields will have more in common than creative and non 
creative men in only one field? 


Four Modes of Productive Thinking 


\ third variable has to do with social conditions of work 
\ man who is productive and ingenious in a certain kind 
of group may find himself at a loss while alone. A man 
who works well alone may be ineffective in a group. The 
word “creativity” should always be followed by the phrase, 
“for certain conditions of work.” This becomes particu 
larly clear if we make an inexact but suggestive distinction 
between four modes of productive thinking: “analytic,” 
“empirical,” “materials-oriented,” “metaphorical.” 

rhe analytic type, as I use the term, tends to approach a 
problem by defining it broadly; then making logical divi- 
sions of alternatives, breaking concepts down into compo 
nent parts. Thus, he is not likely to work quickly or to 


suggest a great many alternatives. His thinking may not be 
unusually flexible or fluent 


lhe empirical type tends to operate largely on the basis 
of past experience. Confronted with a problem, his first 
move is to leaf through his mental files in search of analo 
gies: problems he has already solved similar to the present 
one. Then he tries to apply variations of the solutions 
that worked before, often in the context of the laboratory 
or shop 


Che materials-oriented type works primarily by neither 
of these methods. It is doubtful whether he can be said to 
solve problems conceptually at all. Ideas are suggested to 
him by materials. He is likely to humanize materials and 
to speak of them as “wanting” or “liking” to do things 
He sees materials as making demands, offering resistances 
suggesting alternatives. Such a man may display poor 
conceptual skills and find it difficult to express his ideas in 
words. But his actual results, which usually take the form 
of a physical model, may display great ingenuity and 
originality. 

Of the four types, the most patently “creative” is the 
metaphorical. His way of thinking involves speculation, 
the pursuing of apparently irrelevant approaches and wide 
ranging analogies. To treat a thing metaphorically is to 
treat it as though it were something else, exploiting the 
literally false identity as a storehouse of analogies. A bio 
chemist may treat enzymes as though thev were templets 
This will lead him to ask, for example, what kind of pat 
terns are involved. By what mechanism are they repro 
duced? An inventor may look at a new jack in terms of the 
Indian rope trick, and come to ask how the lifting member 
of the jack could be made to change from a flexible to a 
rigid form. 

When a man takes metaphorical approaches such as 
these, he takes what appears to be the long route around 
His solutions are likely to be unexpected and really or 
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apparently impractical. While his verbal fluency, his flexi 
bility, his ability to play with concepts is great, his ability 
to realize his ideas in concrete physical models or techni 
cally expressed solutions may be poor 


Whom, Then, Do You Hire? 


Each of these four types may be said to express “creatir 
ity,” though in each case a different skill is involved 
Needless to say, these types are by no means mutualh 
exclusive. Men may, and frequently do, have all of these 
skills in varying degrees. But one form of thinking is likely 
to predominate, both in the individual’s own economy and 
in his relation to others 

In the light of this, it is clear that we cannot decid 
whether to hire a man as a member of a new-product 
group, for example, on the basis of relatively simple judg 
ments about his “creativity."” Whether he will contribute 
to the inventiveness of the group depends very much on 
the makeup of the group as it stands and on the new man’s 
peculiar brand of creative skill. If the group is strong in 
analytical and metaphorical skills, for example, it might 
gain more from a mediocre empirical or materials-oriented 
thinker than from an outstanding metaphorical one 

It is also worth noting that none of these four kinds of 
creativity” is likely to be reflected adequately in such a 
test as the AC Spark Plug Creativity Test, where a high 
score depends upon a large number of discrete specific 
answers to questions demanding originality. The empirical 
and materials-oriented workers might not be able to pro 
duce very much verbally on the spur of the moment, or at 
all. The analytic and metaphoric ones might be far mor 
concerned with the development of general speculative 
approaches to such questions than with the enumeration of 
a large number of specific answers 


Creativity as demonstrated in ability to invent and 
develop new products and processes refers to a wide vari- 
ety of different kinds of traits, and means different things 
in different places. What is meant by it, and therefore 
what would adequately test it, depends on three factors 
the kind of industry involved, the kind of problem, and 
the social conditions in which creative work is to be done 

A more covert assumption underlying most creativity 
tests is the notion that “creativity” takes place in an emo 
tional and social vacuum. This seems to me patently fals« 
those who make unusual innovative contributions to indus 
try are distinguished at least as much by their emotional 
as by their intellectual qualities. One of the most import 
ant of these emotional qualities is the capacity for total 
involvement in problems. 

Unless a man is able to identify himself with his prob 
lem, to feel that its solution is his business and that its 
ultimate failure or success is also his, he is unable to sum 
mon up the emotional energy needed to meet both the 
obstacles inherent in invention and the organizational 
obstacles industry makes for inventors. The same is true of 
the capacity to get enthusiastic about ideas and of the guts 
required to act and think differently in an organizational 
context that is likely to punish difference 

It is not surprising that outstanding innovators tend t 
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“CREATIVITY TESTS” continues 


have firm and exalted images of themselves, which permit 
them at times te pit their own feelings and standards 
against heavy odds, and a certain childishness which per- 
mits them to play with ideas, to express emotions freely, 
and at times to form apparently irrational attachments to 
ideas. All of these emotional traits are closely bound to 
the capacity to invent and develop new products and proc- 
esses. None of them is detected by tests concerned pri- 
marily with technical and intellectual skills. 

Very much the same thing is true of social skills. In most 
companies, to take one example, organizational inertia 
makes for strong social forces opposing innovation. Typi- 
cally, therefore, a new product or process needs support 
from powerful quarters. It must be sold within the organi- 
zation. Some companies recognize this problem by pro- 
viding vice-presidents of research or technical directors who 
serve in effect as salesmen to management for R & D 
personnel. While these men are not necessarily inventive, 
they know how to push ideas in a company context; they 
and inventive technical people reinforce one another. 

But, in most companies, such internal salesmen do not 
exist or do not completely solve the problem, and technical 
people, to get their ideas implemented, must be able to 
marshal support and to present technical ideas in a way 
that shows understanding of management’s needs. Fre- 
quently, in view of management’s admitted inability to 
make technical judgments, they are called on to sell them- 
selves at least as much as their ideas. 

Social skills involved in such selling and gathering of 
support are just as crucial to the actual development and 
implementation of a new-product idea in a company as are 
the inventive, technical and intellectual skills that permit 
development of the idea in the first place. Viewed coldly 
on the basis of contribution to the company, a man lacking 
these social skills may be judged just as “uncreative” as a 
man lacking the technical inventiveness of its own people 
But most creativity tests make no attempt to detect the 
presence of these skills. 


TO SUM UP... 


What I have been saying may be summarized briefly: 
The attempt to develop creativity tests that would add 


EDITOR’S NOTE: For more on crea- 
tivity and pre-employment tests for 
engineers, see: 

How Good Are Engineering Apti- 


tive people .. 


. his wife illuminates 

each trait with a personal note. 
Research Management 

lem in Personalities, Sep 8 '58, p 30. 


objectivity, uniformity, savings in time, and a kind of 
scientific character to the selection of “creative” personnel 
seems to me to be misguided. These tests rest on certain 
false assumptions which make them ineffective and in some 
cases downright harmful. 


¢It is assumed that industrial management really wants 
“creative” people, but the expression of this need is fre- 
quently an official attitude masking unofficial disapproval. 


¢ It is assumed that creativity is a homogeneous and con- 
stant set of traits, whereas, in fact, it means different things 
in different contexts and is relative to kinds of industries, 
problems, and social conditions of work. 


* Innovation is treated as though it took place in a social 
and emotional vacuum, whereas emotional traits and social 
skills are as important to industrial innovation as technical 
and intellectual skills. 


The net result is that while it is perhaps not theoretically 
impossible to develop adequate and useful creativity tests, 
those so far developed seem to me to be largely useless and 
misleading. All of this raises again the issue of motives 
underlying the use of these tests. In view of the inadequacy 
of current tests in prediction and selection, I cannot avoid 
the notion that these tests are more for the tester than 
for the person tested. In a situation in which it is enor- 
mously difficult to check on the final success or failure of 
personnel methods, but where it is necessary to make 
choices on some justifiable basis, creativity tests provide 
a pat way of making difficult decisions without involve- 
ment. 


But it is just this personal involvement which enables 
good interviewers to know creativity when they see it. By 
involving themselves in the process of invention, they get 
clues of what to look for in others. By involving them 
selves with the person being interviewed, by establishing 
some sort of emotional rapport with him, they get ink- 
lings of the social skills and emotional qualities essential to 
successful technical invention in a company. These signs 
are only repressed by professional objectivity, keeping one’s 
distance, and the manipulative atmosphere of creativity 
tests as we know them today. 


Can You Spot a Creative Engineer? 
June 16 '58, p 30. A checklist of un 
» + .« @ Prob- usual attributes of creative people, 
suggesting that creativity doesn’t 


tude Tests, Nov 30 "59, p 32. A report, 
compiled from testing agencies and 
personnel departments, describing ad- 
vantages and limitations of ability 
tests and other psychological exams. 
Included are examples of typical en- 
gineering tests. 

Creativity ... the Facts Behind the 
Fad, Aug 24 "59, p 20. A summary of 
information brought to light at a 3-day 
Harvard conference on creativity 

Are You Creative? Nov 17 '58, p 28 
A psychologist lists traits, both social 
and personal, common to most crea- 
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A description of typical research per- 
sonality types, and suggestions for the 
kind of incentives that appeal to each. 

Individual Invention—a Lost Art, 
Feb 24 '58, p 33. The inventor of the 
process used for producing titanium 
and zirconium claims that individual 
thought is one of our most valuable 
resources. 

Lone Invention—No Lost Art, June 
2 '58, p 26. Individuality need not be 
hostile; cooperation between creative 
people is possible without sacrificing 
originality or independence. 


necessarily wear a tweed jacket and 
smoke a pipe 

Organization and the Human Being, 
Dec 30 '57, p 26. Formal organization 
of large corporations results in conflict 
and tension, stifling creativity. Here 
are the grievances and a list of 
remedies. 

Interviewing Engineering Job Ap- 
plicants, July "55, p 158. Suggested 
preplanned interviews in which the 
applicant’s response can be inter- 
preted to give a clear indication of his 
engineering ability. 
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TAMPER-PROOFING DEVICES 
often double as safety features 
as in this Yale lift truck. 
Standard engine lock bars 
unauthorized use. Hand brake 
guards against accidental 
movement. “Dead man” control 
(brake interlock) prevents 
operation unless driver is in 
proper position. Hoist operates 
at full speed only when truck 

is in neutral or brake pedal 

is depressed. 

The truck also has these 
standard safeguards: locks for 
hood and gas tank cap; 
counterweights at rear which 
minimize danger of tipping 
when truck is improperly 
loaded. 


Speed-controlled Hoist 


Ignition Key 


Hood Lock 


Handbroke \ 
Counterweights 
\ 


#! 
~~ 


_ 
ie. dys Mae 


~ ee 


how to 
design 
against 
TAMPERING 


- oe 


J a 
* é N 


Some of these methods keep prying finger 


others are primarily warning devices. 


Here’s the range—from encapsulation to fluorescent dyes. 


ANNESTA R GARDNER, associate editor 


There are dozens of ways to discourage people from 
tampering with your product—from simple staking of 
screws to built-in tear gas bombs. Some are actual deter- 
rents; others merely tell when a control has been moved 
or an access door opened. 

The best way to protect a product from tampering, of 
course, is to encase the whole thing in a cast iron housing, 
weld it shut, and forget about it. 

But that is rarely possible. Heavy cast sections are not 
always desirable; provision must be made for maintenance; 
and there are many other considerations besides tamper- 
proofing which dictate design. 
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It’s necessary, often, to compromise between maximum 
protection and maximum accessability and usability. 

But there are many ways to prevent tampering OT at 
least discourage it. Staked fasteners, cotter pins, and lead 
seals of the type on gasoline pumps are frequently used. 
Likewise, it is possible to design special housings, locks, 
and latches like those found on phone boxes (illustrated, 
next page), vending machines and electronic equipment 
Tamper-proof fuses can be built into machines. 

Encapsulation is another way to prevent tampering— 
and a most effective one. But, like the welded cast iron 
case, this is permanent protection that makes no provision 


REPRINTED—Circle P33, inside 41 





TAMPERING 


Start position 


Run position 


lead travele4 
= 
~ ~ - 


K~. 
L\ 





>— Guide bushi ng 


HEAVIER STEEL, SMALLER DOOR 


SAFETY INTERLOCKS, mechanical 
and electrical, can help prevent equip- 
ment tampering, while protecting both 
product and tamperer. This mechan- 
ical system, diagrammed by Allis 
Chalmers engineers, might be used to 
prevent accidental operation of motor- 
starter when contactor is in the “run” 
position. 


access Or maintenance except complete removal and 
replacement 


In many cases, the best answer to a tampering problem 
is tamper-revealing rather than complete tamper-proofing 
For this purpose several systems are available—ranging 


from the time-honored sealing wax and lead seals to 
new frangible coatings and diaphragms 

he coatings are materials specifically formulated for 
brittleness. Applied to a knob and shaft or a fastener and 
its base, they are designed to break if the assembly is 
turned or shifted—providing a permanent record that tam 
pering has occurred. They are, of course, replaceable after 
the damage has been repaired. The same is true of frangi 
ble diaphragms, also used as safety devices in pressurized 
equipment 

Devices of this kind are primarily indicators. Aside from 
their psychological effect, they do little to prevent tamper 
ing. That is even more true of such measures as fluorescent 
dyes and similar compounds that stick to—and expose 
prving fingers, but do not either stop or retard tampering 


Choosing the right one 


Che first step in selecting a tamper-proofing device is to 
find out what degree and type of protection is required 
Is absolute protection against “breaking and entering’ 
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and welded-in door stop make latest 
Automatic Electric Laboratories 
coin-box design more burglar-resistant 
than previous models. Slope above 

door area has also been eliminated since 
it might facilitate entry of prying tools. 
Likewise, lock-mounting holes are 
lowered and fillets were added on the 
top and sides of the door. 


needed—or just an indication that a stranger has been 
lurking in the neighborhood? Is the tampering most 
likely to be accidental or intentional, criminal or careless? 

Where criminal tampering may be involved—burglar 
or sabotage—much more stringent methods may be needed 
and it is not unusual to find five or six tamper-proofing 
systems on a single machine. For the accidental or im 
pulsive tamperer, on the other hand, a visible padlock 
“Keep Out” sign, or a hard-to-find on-off switch may 
sufficient. 


be 


Sequence controls can help 


On motors and machine tools, the electrical, mechanica 
pneumatic, and hydraulic interlocks frequently used t 
prevent improper sequencing O1 provide extra safety for 
the operator can also serve as tamper-proofing mechanisms 
Examples are access<loor locks, which automatically di: 
connect and shut down the equipment inside whenevet 
they are opened. (Main object here is protection fot 
maintenance men.) Similar devices can be applied’ to the 
switch handles of motor starters and to machine controls 

Likewise, pressure-sensitive switches, frequently used t 
control hydraulic and pneumatic systems, might be used 
as tamper-proofing devices. However, these switches are 
themselves subject to “tampering” in that variations in 
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Checkup on anti-tamper methods 


A RUNDOWN OF METHODS THAT CAN BE USED TO DETER AND DETECT 
TAMPERING 


This system can help to Deter Detect 


casting 


Body welding 


encapsulation 


- Ferromagnetic 
hey 


Flexible 
positioner 


We// 











FERROMAGNETIC KEY serves as 
locking device in this novel, patented 
film badge. It can be withdrawn only 
by a special magnet, applied to the 
exterior side of the body, beyond the 


well, chemicals and gases (odorants and tear gas) 





sealing (lead and plastic seals) 
locking fasteners 

locks and latches 

electrical interlocks 

mechanical interlocks 

“dead man” and dual-hand controls 
wire mesh and louvered guards 


metal and plastic caps 


fluorescent dyes 

frangible diaphragms and blow-out devices 
soluble diaphragms 

frangible coatings 

temperature-change alarms and indicators 


warning signs 








line pressure may set them off accidentally. This often 
means it is necessary to provide secondary interlocks to 
protect the protectors. 


ideas from everywhere 


Second step in tamper-proofing is to survey the types of 
devices available to do the job. There are, for instance, 
more than a score of locking fasteners (PE—July '57, p 64); 
and literally hundreds of locks and latches. 

Information on many of the best design ideas in the area 
of tamper-proofing is not always easy to come by. Makers 
of coin-operated machines, for instance, are reluctant to 
release detailed descriptions of their design systems for 
fear of tipping off would-be burglars. Standard Chang« 
Makers, for example, uses a variety of special housings and 
latches and builds small tear gas bombs into its machines 
but is reluctant to say just where and how. Information is 
available, though, on products like the one pictured above. 

Valuable design ideas may also come from fields nor 
mally far removed from your own. The tamper-proofing 
problem posed by a round opening is basically the sam¢ 
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whether the opening is on a rifle, drum, bottle, or machine 
and the solutions found by one group of designers may 
have much to offer another. 

Where heating or cooling is involved, color-change in 
The well 
known heat-sensitive paints and crayons are examples of 
this type of indicator. Another—not yet used in the design 
field—undergoes a dual color change on freezing and 


tC i 


dicators may provide evidence of tampering 


— 


thawing. It indicates tampering with frozen foods. Its 
original color is an off-while, which turns light yellow on 
freezing. When thawed, though, it makes a permanent 
change to a brilliant red, thus warning the buyer—even 
though, at time of purchase, the food has been refrozen 
and the package outwardly looks safe 

here are several other tamper-indicators, developed for 
other-than-engineering applications, that might help solve 
specific problems in the design field. In this category are 
the myriad package-closing and sealing devices that in 
clude cellulose bands, perforated metal caps, and flanged, 
molded plastic tops, which must be broken to be removed; 
and magnetic locks. 


continued, next page 
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TAMPERING continued 





SIMPLE LATCHING DEVICES can be built 
into machines to accommodate one or more 
lock sets for added safety. 


EDITOR’S NOTE: For more information on how to protect 
products from damage, see: 

Fungi Are Your Product Problem, Jan 18 ‘60, p 52 
tells where fungi can grow and, what parts they attack; 
gives a three-step design procedure and a design checklist. 

How to Protect Panel Instruments from Shock and Ex- 


I'hese might well be adapted for such applications as seal- 
ing access doors and lubrication fittings. 

In general, the simpler the tamper-proofing system the 
better—not only to hold down cost but also to make it as 
foolproof (and failproof) as possible. 

Strictly for tamper-proofing purposes, a mechanical lock 
is probably a better choice—even if it sometimes jams 
when it shouldn’t—than an electrical system, which might 
be put out of commission by merely disconnecting a 
switch, (There are plenty of fail-safe devices for electrical 
equipment, of course, but these are generally more com 
plex and costly than the other type.) 

Likewise, a lock and key may seem a simple or even 
a simple-minded solution to a machine design problem 
but it is often the cheapest and most efficient. 

'amper-proofing, like so many product improvements, 
usually adds to cost. It may also limit accessibility. But 
when it is considered as a basic design feature and taken 
into account at the early discussion stage, the penalties 
can be held to a minimum and the full advantage of 
tamper proofing systems can be gained. 


For REPRINT of above article, just check P33 on one of the 
Reader Service cards bound in this issue. 


plosion Hazards, Jan 4 '60, p 44—a brief note on types and 
preventive measures. 

When You Have to Flameproof a Product, Aug 3 ‘59, p 38 
—definitions, tests, and design procedures for eliminating 
this product hazard, plus an 11-point checklist and a list 
of information sources 





OFF-THE-SHELF PARTS 


BUILD 


OFF-THE-ROAD TRUCK 


wee = 


The US Army Engineer District in 
Detroit needed an off-road vehicle to 
carry subsoil boring and plate bearing 
test equipment for flood-control proj- 
ects in marsh areas, sand slopes, mud 
ind snow that would mire conven- 
tional trucks of equal load capacity 
Here is a special truck—not a marsh 
buggy—built by Marmon, Herrington 
of Indianapolis for the Detroit Dis 
trict Army Corps. It uses standard 
parts for all main components 
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All wheels drive; torque-proportion- 
ing transmission in rear axle delivers 
power to wheel with best traction. 
Shear pins in each driveshaft (front 
and rear) are calibrated to fail before 
the power train is damaged by over- 
load. 

Tires are 18 x 26 in. with self-clear 
ing lugs; hydraulic power steering is 
combined with a wheel-position indi- 
cator; tire inflation (15 psi normal) is 
controlled from dash; ground clear- 


ance is 22 in. beneath axles, and 32 in 
between; ground bearing pressures are 
25 to 30 psi, with a gross weight of 9 
tons including 3-ton payload. Maxi 
mum speed is 42 mph, geared down to 
5-7 mph for full load on rugged terrain; 
max grade is 60%. 

Vehicle has negotiated the US 
Navy’s amphibious-tractor hilly ter- 
rain and mud-hole test course at Ft 
Custer, including climbing the 24-in. 
vertical obstacle. 
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S MACHINERY FRAMES 
for absorbing 
TWIST LOADS 


ws Rigidity is important in machinery frames, but how rigid can they be? 
These equations compare rigidity of frames in terms of loads and deflections.® 


N E HOUTZ, Goodyeor Aircraft Corp, and M F SPOTTS, Northwestern University 

















(A) X-frame K,-0.805 


























(C) V-frome K= 169 (D) Cross frome 
K= 23.22 





i 

SQUARE MACHINERY 
FRAMES— 

twisting load deflections 
are inversely 











(E) Squore frome 
K,= 34.84 
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proportional to K, values. 


Desicn has to anticipate those twisting loads that 
frequently occur in machinery frames and vehicles. They 
are caused by heavy starting torques, misalignment of 
connected parts, or stray external forces acting on 
machine traveling over irregular surfaces. Determining 
the amount of deflection caused by such twisting simplifies 
selection of the most desirable type of frame and gives 
more assurance of trouble-free operation. 

Although the twisting force may act on any part of 
the frame, the resulting deflections are greatest at th« 
corners. This is why the equations here are for deflections 
at the four corners. 


5 Square-shape Frames 


In the group of five frames shown iv «ig 1, the sides 
are all equal to 21. The load, P, modu'us of elasticity, E, 
and amount of inertia, I, are assumed to be identical for 
ill these frames. The deflection, 5, at each of the four 
corners is then expressed by the following equation 

& = K,PP/EI 
where K, is a derived constant. Derivation of this constant 
and of the relative forces and deflections for the X-fram« 
is given later in this article. Values for K, in the follow 
ing table indicate comparative rigidity of the different 


frames 


continued, next page 
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MACHINERY FRAMES 
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(C) V-Frame 








RECTANGULAR MACHINERY FRAMES— 
twisting load deflections are 
inversely proportional to K, values 


TYPE OF FRAME VALUE OF K 
x 0.805 
Diamond 0.874 
Vv 1.69 
Cross 23.22 
Square 34.84 


For example, in the X-frame, K, is 0.805, giving th 
lowest deflection for any given load; and in the squat 
frame, K, is 34.84, giving about 43 times as much defle 
tion. Furthermore, torsional resistance of the individua 
members in the first three frames is neglected in deriving 
the K, values, but is incorporated into K, for the last two 
frames which consist of rectangular bars of width roth 
the height. This means the difference in deflection 
tween X-frame and square frame is even greater than th 
K, values indicate. For example, if these two frames wer 


} 


) 
pi 


made of I-beams and torsional resistance were consider 
in both, deflection in the square frame would be 


50 times greater than in the X-frame for any given 


3 Rectangular Frames 

Sketches and derived equations for a second group 
frames are shown in Fig 2. To compare rigidity of th 
three rectangular frames, the equations for deflection 
shown on these sketche in be written as follow 

K,P/] 

Values for K, are shown in the following tabk 
have been calculated by assuming the following val 
all three frames: w l: ] 2. | 13.0: I 
A 1.6769. From the geometry of the frames 
for the X-frame and diamond frame, while z 
the V-frame. Here, too, the X-frame is the most rigid 
I'he diamond frame is almost as rigid and the V-frame 
ibout one-third as rigid 


TYPE OF FRAME VALUE OF K, 
x 0.153 
Diamond 0.166 
Vv 0.269 
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Original plane 


Deformed sho, 
3 pe 


CALCULATION 
OF DEFLECTION 
for typical frame. 














a working example: 


5 ~ 


to any given frame. To illustrate, assume an X-frame 


The equations shown in Fig 2 can be applied directly 


of dimensions shown in Fig 3. Exterior members are 3-in 
channels with I, 1.6 in.*; diagonal members are 3 

I-beams with I, 2.5 in*. Assume that this frame is sub 
jected to torsional forces, P, which are in addition to the 


nm 


normal loads that must be carried and which will give 
undesirable deflections. Find the value of P that will give 
a deflection of 1 in, at each of the two loaded corners 
Equations of Fig 2 (a) give the following values 
18 


l 30 in t IS in. tan 8 30 0.600 





0.8575 
17.493 in 


1.562 
1.6 
+ 2 = 94,122 
Deflection 8 in Fig 2 (a) represents the deflection of 
one corner from the initial plane of the frame when all 


four corners have deflections. With two corners on fixed 





supports as in Fig 3, each of the other corners will move 
1 distance of 2 8 as shown in diagram of Fig 3. If each 
load in this figure moves l in., then § has the value of 4 in Original 
Using the equation for 8 in Fig 2 (a) and solving for P: elevario 

P2# (4d (PF + w*) + 32*] E 


. 12 EID 








42.795 [4 & 1.562 (27,000 + 5,832) + 3 « 42,795) 
12 < 30° & 2.5 X 94,079 
P = 2,964 
Here, P consists of three component shear forces. The 





Originol 
continued, next page elevation 
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4 
FORCES AND DEFLECTIONS 


with free-body diagrams. 
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MACHINERY FRAMES continued 


component acting on side BC is: 


p, — P#. _ 2964 X 42,795 


2D 2X 94,079 


The component acting on diagonal BO is: 


= 674 lb 


p, « PA@+wt) _ 2964>X 1.562 (27,000 +5,832) _ gi 
“ D 94,079 
The third component, acting on side AB is: 
P., = 2964 — (674 + 1608) = 682 Ib 
lhe bending moment in BC at B is 
Pi = 674 X 30 = 20,220 in.-lb 
The moment in BO at O is: 


P2(2d (P + w*) + 2) 
M, = - = 80,110 in.- 
f op 110 in.-lb 


moment in BO at B is 


Pz ol nan 
M. oD = 23.590 in.-lb 


[he moment in AB at B is: 
Pw = 682 < 18 = 12,276 in.-lb 


rhe actual magnitude of such loads and moments are 


predicated on experience and judgment of the designer. 
he size of the member sections and type of frame are 
then determined from the equations given. 


DERIVATION OF EQUATIONS 


The X-frame in Fig 1 is easier understood by looking 
at Fig 4, which is an isometric view of the same frame. 
Because of the symmetry the analysis is made only for the 
dotted one-quarter in Fig 4 (a). Fig 4 (b) shows mo 
ment, M,; shear forces, P, and P.; and load, P. Points 
A and C are points of inflection at which no moment is 
present. Figs 4 (c) and (d) are other free-body diagrams 
of diagonal and sides. For equilibrium conditions between 
shear forces and moment, the following must hold: 

P=2P,+ P; (1) 

Force P, causes moment P,] at B. The component of 
this moment along the diagonal is P.}\/2. Force P, on the 
other side member, produces a like effect at B. Both side 
members thus affect the diagonal to the extent of 
2P,Il/\/2 = \/2P,]. This is the end moment shown in the 
free-body diagram, Fig 4 (c). Force P at B is divided into 
3 component parts —P, at end of diagonal, Fig 4 (c); and 
2 shear forces acting on each side member shown in 
Fig 4 (d). Thus, diagonal in Fig 4 (b) is acted upon by 
moment, \/2P,], and shear force, P.. 

From Design of Machine Elements by Spotts, 2nd edi 
tion, p 18, block #2, the following standard equation for 
deflection due to moment is obtained: 

Ym = M,P/% EI 
To use this, the moment under consideration, M, = 


\/2P,] and the length, 1 = \/21 in this case. This gives 


gg ee OP 
pee 


From block #5 of above-mentioned textbook the de 

flection due to force is 
ya = PP/3 EI Where P = P: andl = ¥2 1 
with the following result: 
2V2 PP (3 
= 3 El 

To get the total deflection, 8, add Eq (2) and (3) as 

follows: 


(v2). — 
= (. ~+2P, (4) 
6 6 Bl 3 P, 4 P:) 


In a similar manner from block #2 of same textbook 
the angle of deflection due to the moment is 


a, — Mil _ (V2 PH(V2D) _ 2PP 
ay: Leese EI ~ ET 


From block #5 the angle of deflection due to the shear 
force is 


_ PP a PP Pp 
&= oer ~ DEI ~ El 


By adding these the total angle of deflection becomes 


ae é 
= , > «+ >. (5 
a FE (2 P; P, 


In Fig 4 (d) the total deflection from shear force, P, is 


ae lo , PP 
Jo S&! 
By adding Eq (4) and (6), and solving for @ 


1PL 
3 El 
Substituting this value for @ in equation (5) gives 
Vv 2 P, = P; 


and by substituting in Eq (1), gives 


P,=(i- ‘3 )e = 0.293 P 


P,=(V¥2 —1)P=0414P 


PP ors ja ln 
3 ET (V2 +1) = 0.805 FT 


j= 
This value 0.805 is K, shown in table on page 56. 
The summation of moments about point “O” in Fig 4 
results in 


V2 Pl+ V2 Pd = Pl 


EDITOR'S NOTE: For additional in- 
formation on frames and related sub- 
jects see: 

Rigid X-frame Has Tubular Center, 
Apr '57, p 158—tubular X-frame of 1957 
Cadillac makes substantial reduction 
in floor height, improves styling while 
maintaining torsional rigidity. 

Kinematic Concepts That Simplify 
Design, May '55—-suggests methods for 
improving or simplifying complex ma- 
chine elements. 
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It Clamps While 
It's Cut 


The new twist here is putting a metal bar to work 


while it's being sheared. Reaction of the bar to shear- 


ing forces a cam to clamp the cutting jaws together. 


BARS ARE CUT when passed through two 
sets of steel cutting jaws. Differential mo- 
tion of the steel plates in which the jaws 
are mounted produces a twisting motion as 
shearing occurs. 

Initial rotation of the driven plate causes 
the cam to clamp one set of cutting jaws 
tightly around the bar. As rotation con 
tinues, the bar contacts the cutting jaws 
mounted in the idler plate and causes it to 
rotate. Rotation of the idler plate is stopped 
in a few degrees by the cam that clamps 
the cutting jaws together. As the driven 
plate continues to rotate, it shears the bar 
held in cutting jaws of the idler plate 








tdler 





PS ... The shear method is most effective with 
hard-steel alloys but can also be used with 
mild steel, brass, titanium, heat-resisting super 


BAR-LENGTH CUTOFF is set by stops on discharge side Oe ee ee eee ae 
of the machine. For short pieces a moving stop advances =» 000 pal, a ng oe 1% Be, Ge 
to a preset position and retracts automatically to permit = be ata &@ be 2% te. Gs S veneee 
discharge of cut stock. For longer pieces a fixed stop is ae over a .& = per Gthate wan 
used. Both stops incorporate micrometer setting adjust- rapes berfeed mechoniom. Reaciron TH-40 
ment for accurate stock length control. is produced by Solece, Parle, France. 
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} PRODUCT DESIGNS 








Real Boost for a 


2-Stroke Engine 


The dual-function turbo-supercharger sys- 
Radial 


engine uses segmented cylinder castings 


tem adds power when needed. 


and slipper-bearing connecting rods to 


reduce size and weight. 


“ fuel-injection- 

Turbo - supercharger ignition 
Reentry 
turbine 


Exhaust 


Adjustable- 
pitch propeller 


SUPERCHARGER SYSTEM incorporates an exhaust turbo-supercharger 
plus a re-entry turbine. The supercharger doesn’t operate at low 
speeds, so the crankshaft-mounted turbine supplies the starting air. 
When the engine starts, the exhaust-driven supercharger provides 
scavenging for each cylinder. At top speed, air driven by the super- 
charger impinges on blades of the crankshaft-mounted re-entry turbine 
and adds an estimated 17-hp output. 


50 


SLIPPER BEARINGS ailow using a common 
crankshaft journal for all four connecting rods 
Retaining rings are required only for starting 
Once the engine is running, compression and 
inertial forces keep the connecting rod posi 
tively engaged at all speeds 

Segmented cylinders are identical, produced 
from same die, and can be interchanged. Four 
segments are assembled to form the barrel 
shaped crankshaft. The four diecastings are 
held together by two steel rings which encircle 
the crankshaft-bearing supports and are bolted 
to each cylinder. Vertical parting lines between 
cylinders are sealed by gaskets only. 


PS ... The 4-cylinder, radial, 2-stroke outboard 
motor weighs 260 Ib complete, produces 110 bhp 
at 4200 rpm with displacement of 90 cu in. Direct 
cylinder fuel injection and turbo-supercharging, 
with separately scavenged cylinders, result in a 
specific fuel consumption of 0.55 1b/bhp/hr 
Electric system incorporates a 12+ inductor 
alternator and electric -tarter. Electrical con 
trols for engine, propeller, steering and tilt are 
encased in engine-support brackets. Developed 
for Scott Outboards, McCulloch Corp, Advance 
Development Div, Los Angeles. 
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Easier Readout, Simpler Maintenance 


’humbsuttches 


PS ... The model 425 is a 35-megacycle, modularized oscilloscope. 
Its two plug-ins permit a wide variety of operation by changing the 
X-Y amplifiers. The unit normally operates from 110-v 60 cycle cur- 
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With digital readout, this oscilloscope reduces error 
possibility and eliminates computation — permitting 
operation by a nontechnical worker. Module construc- 
tion and plug-in chassis simplify modification and 


development; also ease assembly and repair. 


READOUT SYSTEM is operated by turning the display logi 
switch to the R. O. (Read Out) position. The main sweep and 
its signal will then be viewed on the screen and two dots will 
also be displayed. These two dots are moved in unison by the 
index-positioning “joystick” control. One dot, called the index 
ing dot, is positioned on a reference point on the waveform to 
be measured. The second dot (called scaling dot) is then 
moved by the vertical and horizontal thumbswitches orthog 
onally with respect to the indexing dot. When the two dots 
are positioned, amplitude (volts) and time (seconds) between 
the two dots may be read directly from the readout dials. Con 
nector plugs are provided so that the dial readings may be 
printed out or punched on tape. Also, an analog voltage is 
generated proportional to the 3-digit figure on each side. This 
output can be fed to an X-Y plotter or analog compute! 


CONSTRUCTION IS BASED on four modules that can be re 
moved from the chassis without soldering. These are the 
sweep chassis, distributor amplifier, low-voltage and high 
voltage power supplies. In addition, the cathode ray (C-R) 
tube, tube shield, and two front-panel plug-ins are removable 
Each module is a separate electrical and mechanical entity 
which may be interchanged from one main frame to another 

Servicing is speeded because an inoperative module may be 
replaced by a substitute and the “scope” used while repairs 
are made. Excellent accessibility is achieved by use of quick 
disconnect fasteners on the two panels which comprise the 
side and top covers. Individual chassis are easily removed 
with a screwdriver; electrical connections to individual 
chassis are by multicontact connectors 


rent and is available for operation by 48-to-450-cycles power 
Additional plug-in chassis will be available for specific operations 
Produced by Allen B Dumont Laboratories Inc, Clifton, NJ 





WET SLURRY PROCESS 


brings precision to 


REINFORCED PLASTICS 


foe" 
a 





Making preforms by dunking the shape you want into a slurry of 
fiberglass and cellulose gives improved control over thickness, density 
and surface appearance in mass-produced parts. This first article on 
a process just now emerging from pilot plant stage supplies details 
for design. 


J A KEOWN, product designer, and ; ; wee , a ; wer — , 
R W CURTIS, technical superintendent Control and consistency are the key words that describe the wet slurry 


Cimastra Division process—a fast-developing fabricating technique that promises to bring auto- 
The Cincinnati Milling Machine Co matic manufacture to fiberglass-reinforced plastics. Preforms for matched 
metal-die molding can now be made with a constant density throughout, even 
though design thickness varies and shape of the part is intricate. This means 
that resin-rich areas are avoided, thus FRP can be considered isotropic and its 
full strength exploited in design. 
The new element of close control is achieved by carrying the glass-strand 
mix in water instead of air, and depositing on the preform screen by pressure 
or vacuum. Design of the preform screen plays a large part too. Made from 
reinforced plastic and covered with wire mesh, the preform screen has suction 
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holes carefully sized and distributed to put the glass fibers 
precisely where they're needed—and to the right density 
With this scheme, preforms of consistent glass distribution 
can be made repetitively in production situations. This 
close control results in more consistent properties within 
the molding, and from part to part throughout the run. 

In addition to controlled density and thickness, preforms 
made this way have consistent pattern, This means you 
can specify color combinations of resin and strand to get 
unusual textures that are reproducible throughout a pro- 
duction run. By such colored material combinations, the 
textured surface that used to be one of FRP’s greatest lia- 
bilities can now be converted into a design asset. 


The Wetness Problem 

But how does the wet preform hold its shape and how 
can it be handled prior to molding? Two premolding in- 
gredients achieve this: Cellulose up to about 15% by 
weight (in the finished preform) is added in the form of 
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Mgrovur DIFFERENT SURFACE FINISHES 
stem from the key feature of the 

wet slurry process—close control 

over glass distribution. (1) resin 

and glass, both pigmented the 

same color, gives smoothest finish 
obtainable so far, with some 


texture still visible, (2) pigmented 
resin with white preform results 
in leatherlike finish, (3) resin and 
fibers both pigmented, but fibers in 
one or more colors (either 
contrasting or complimentary) can 
give a tweedy appearance 

(4) clear resin with fibers in one 
or more colors lends a 3-D 

effect to the part—especially when 
light shines through 





WET SLURRY PROCESS continued 


MULTICOLOR TEXTURE produced 
with clear resin plus chopped strand in 
three colors, is feature of this frame 
for portable TV. Major portion of 
strand is pre-pigmented in base color 
desired. Smaller percentages in two 
different colors are added in 
premixing step. Typical color 
combination: base strands, light 
green; random strands, dark green 
and beige. This frame serves as main 
structural member for the set—must 
withstand chassis loads when at rest, 
weight of entire set when carried 
Uniform glass content gives uniform 
properties, and is achieved even in 


sharp radii of recessed flange. Center 


portion is cut away when holes are 
punched. Metal clips are bonded on 


od pulp or kraft, along with a small amount of polyester 
esin—pigmented or not, as the job demands. The pulp 
idditive strengthens the wet felted preform so it can be 
transferred from the screen to a drying form. The resin 
idditive binds the glass-pulp mix during drying so the 
preform can be handled during storage and molding. Add 
ing resin gives another benefit; by precoating the glass 
trands it boosts abrasion resistance of the finished part. 
Cellulose fiber addition has little affect on mechanical 
properties. FRP made via wet slurry preforms is not as 
strong as cloth-laminated material—-no FRP based on 
chopped-strand reinforcement is. However, because of 
better glass distribution, tensile strength is higher than that 


s 
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for air-blown FRP’s and, by adjusting glass/cellulose ratio, 
} 5 

can be varied to suit most commercial industrial applica 

tions (see accompanying table 


Design Considerations 

In wet slurry, as with any FRP fabrication techniqu 
the way the glass mix is shaped controls what you can d 
in design. Here are the main rules that have emerged 
far, along with a few important ones based on matched 





QUICK GLANCE AT WET SLURRY 


Wet slurry process mix¢ 


cellulose, and resin in water carrier. Cellulose additive 


chopped glass strands 


is a filler and binder; gives strength for handling, less 


Metered 
amounts of strand and pulp (in predetermined ratio 


shrinkage, and improves impact resistance 
in water are collected on a screen form by pressure or 
vacuum, Resulting felted blanket is then dried prior to 
molding. Further strength (and sometimes a decora 
tive effect from colored strands) is achieved by pre 
coating glass strands with a suitable resin. The final 
part is formed in matched metal dies, as with air pre 
forms. Preforming process can be automatic, through 
storage stage to molding. Further mechanization is 
possible in the molding process itself 
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DEEP-DRAW PARTS, lik: 
these machine housings 
show adaptability of wet 
slurry process for complex 
designs. All holes are punched 
except two large openings in 
drill-press belt guard. Gloss 
finish here is grey lacquer to 
match painted metal castings 
used for other parts of same 
machines. Light sanding 
prepares parts for painting 


metal-die molding pract that ar especially important 


for wet slurry parts 


Wall thicknesses can be specified from a minimum of 
0.060 in. to a maximum of 0.250 in., so far. Most parts 
ire made with a thickness of about 0.100 in. (equivalent in 
tiffness to 18-gage steel, a common stamping gage. Tol 
erances on wall thickness can be held quite closely, even 
though the wall may bend at sharp angles or have re 
entrant corners. This is because the preform density is 
closely controlled. Closest tolerances are: +0.005 in., with 


+0.010 being more common 

Thickness changes must be gradual. Since they are ac 
complished in the preform principally by closer spacing of 
suction holes in the preform screen, abrupt changes are 
difficult—and usually set up resin-rich areas when molded 
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SMALLEST PARTS SO FAR for wet slurry 
process are these feet for portable TV set 
Measuring 8 in. long x & in. wide x 1 in. 
deep, these supports can be molded in saime 
die as TV frame by locating them in center 
knockout section. Largest part produced 
to date is a power lawnmower housing 

39 in. long x 23 in. wide x 12 in. deep 
Maximum size currently possible is about 
{8 in. x 36 in 


Gradual thickening or thinning 


ever, and can be designed 
regions. Thick corners 


, tapering to normal! 


: 
»] 


.< 


Bosses are a special case 


Typical Range of Mechanical Properties 





Tensile Strength, psi x 1000 10-20 
Flexural strength, psi x 1000 20-35 
Flexural modulus, psi x 10 10-1.5 
Notched impact, ft-lb ‘in. 6-20 
Unnotched impact, ft-lb /ia 10-30 
Rockwell hardness M70-#A120 








SLURRY PROCESS continues 


should be designed no more than 25% thicker than the 


surrounding wall thickness they stiffen. Even then, the 
approach to the boss should be gradual. When the 25% 
limit must be exceeded, bosses in the form of offsets or 
contour changes of the same thickness as the nearby wall 
are preferred. This is possible only where such changes in 
contour do not adversely affect appearance. 


Radii can be gradual or sharp as design demands. Wet 
slurry provides good glass distribution at sharp corners—a 
problem with many other techniques. Minimum radii are 
these: Inside, zs in., outside, ¥ in. 


Draft should be conventional 3° minimum used with 
any matched metal-die molding technique. 


Holes are usually punched in the part following molding, 
and should be placed no closer than one diameter from an 
edge. Wet slurry technique leaves very little excess mate- 
rial, compared to ait-blown preforming. Usual flash is less 
than 1 in. around periphery. Resulting edge usually re- 
quires touch-up for uniform smoothness. 


Inserts are not possible at preform stage. Occasionally 
they are incorporated in the matched metal-die molding 
step. Best procedure where metal parts are needed is to 
fasten them in place mechanically after part is molded. 
Rivets, threaded fasteners or structural adhesives are three 
most common methods. 


PREPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 W 
42nd St, New York 36, NY. 


UNIFORM DISTRIBUTION 
OF GLASS FIBERS in planes 
at right angles, a difficult 
molding problem, is possible 
with wet slurry—as shown in 
this chair back. Here, there is 
a further difficulty: a high 
stress area at points of 
contraflexure between back 
and arms. Problem was 
solved by molding at 45° 
angle and by strengthening 
narrow section by thickening 
gradually there. Local 
thickening was also specified 
under arms themselves where 
seat is attached by adhesive 
bonding. Note uniform 
pattern of colored strands— 
a characteristic of wet slurry 


BUILT-IN STIFFENERS carry weight of chassis and turn- 
table in this cabinet for hi-fi record player. Multicolored 
glass strands are used here with either pigmented or clear 
resin. When clear resin is employed, resulting laminate is 
translucent—thus requiring wet slurry process for even 
distribution of glass. 


EDITOR’S NOTE: This is the fourth 
in our continuing series of detailed 
articles on the seven basic processes 
for fabricating fiberglass-reinforced 
plastic parts. The first three articles 
in the series, along with a special re- 
port that identifies and compares all 
seven processes, are listed below: 
Choose the Right Process for Fiber- 
glass-reinforced Plastics, Jan 11 '60. 
p 47. Special report selects 7 key 
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processes out of the 15 available, ex- 
plains their strong and weak points, 
and shows how one or the other be- 
comes the logical choice in most com- 
mercial-volume applications. 

Design Must Be Different for Poly- 
ester Premix Molded Parts, Oct 12 59, 
p 76. They can take the place of 
metals in many applications, but de- 
sign follows different rules than for 
unreinforced, plastic molded parts. 


Filament Winding Grows Up, July 
20 59, p 46. After several successful 
years in the aircraft industry, this 
high-speed process is ready for more 
work. Article gives design rules. 

Design Rules for That New Process 
—Sprayed Reinforced Plastics, Feb 8 
‘60, p 41. Sprayup has become an 
economical process for making large 
parts from FRP, and it's bidding to 
produce smaller parts too. 
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58 USEFUL FUNCTIONS OF Pi 


F MURRAY, methods engineer, Detroit 


Many of these functions are encountered in calculations forprehensive, it does include the functions of most interest to 
strength of materials, machine design, volumes and areas ofmechanical engineers. 
geometrical figures, and electrical work. 


The values shown are correct to seven 
They are presenteddecimal places; they can save much time and reduce the chances 
here in an orderly arrangement and, while the list is not com-of error in calculations. 
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an improved 


VICKERS. 


SERVO VALVE 





...- yet priced 
20% below 


previous models 


Available in models for flows to 37 gpm 
and suitable for operation at pressures to 
3000 psi with a choice of mountings. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 
Machinery Hydraulics Division 
ADMINISTRATIVE and ENGINEERING CENTER 


Department 1454 . Detroit 32, Michigan 





Application Engineering Offices: ATLANTA « CHICAGO AREA (Bensenville)* 
CINCINNAT! » CLEVELAND « DETROIT* « GRAND RAPIDS » HOUSTON 
INDIANAPOLIS « LOS ANGELES AREA (E! Segundo) « MILWAUKEE 
NEW YORK AREA (Springfield, NJ.)* © PHILADELPHIA AREA (Media) 
PITTSBURGH AREA (Mt. Lehanon) « ROCHESTER » ROCKFORD » SAN 
FRANCISCO AREA (Berkeley) « SEATTLE « ST. LOUIS « WORCESTER 
Factories also in: Australia, England, Japan and Germany 
in Canada: Vickers-Sperry of Canada, Ltd., Toronto,* Montreal and Vancouver 


Field Service Headquarters Underlined. Whse. Stock & Repair Branches*. 


FOR PRECISE CONTROL OF OIL FLOW 
IN INDUSTRIAL, MILITARY AND MARINE 
HYDRAULIC SYSTEMS WHERE HIGH 
RESPONSE, ACCURACY, SIMPLICITY, RUGGED- 
NESS AND DEPENDABILITY ARE ESSENTIAL 


Input signal to this improved Vickers electro-hydraulic servo 
valve can originate from a simple calibrated potentiometer or 
a sophisticated magnetic or punched tape reader system— 
yet the result~is always extremely precise hydraulic flow 
proportional to the electrical command. This valve can be 
applied to a broad array of machine tools, process equipment 
and ordnance applications and is compatible with the wide 
range of command input methods commercially available. 


There are only four moving parts in the two-stage, spool 
assembly of the Vickers servo valves, thus providing a simple, 
contaminant tolerant, exceptionally reliable operation. Get 
details by writing for Bulletin 59-74. 


WHAT VICKERS’ “BUILDING BLOCK” 
CONCEPT MEANS TO YOU 


These pre-engineered electro-hydraulic servo systems offer 
positional accuracies of +.001 5-inch; and down to+.0005-inch 
using the same stondard components but with additional “trim.” 
Your cost for Vickers “Building Block’’ systems is far below that 
normally associated with this degree of accuracy and response. 
These systems are specifically designed for heavy duty, 
industrial use. 


Plug-in elements make trouble shooting and maintenance 
easy. Vickers’ worldwide service organization insures un- 
matched backup for your personne! when required. 


Why not contact the Vickers office near you today for 
more facts? 


TYPICAL APPLICATIONS 


Controlling velocity in processing applications ® controlling 
position of machine tool slides and tables * programmed 
control of work handling and machine sequencing. 


8479 


ENGINEERS AND BUILDERS OF 
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OIL HYDRAULIC EQUIPMENT SINCE 1921 
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0 How much POWER 
TO PUMP LIQUIDS? 


This nomograph gives quick answers for pump capacities TYLER G HICKS, mechanical engineer 
from 0.1 to 1000 gpm, and pressures from 1 to 10,000 psi. Hicksville, NY 
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EXAMPLE: What is the required power input 
to @ Spur-gear-type pump for |2 gpm atad 
charge pressure of 2000 psi if volumetric 
efficiency is 80% and mechanical efficiency 
s 875%? 

SOLUTION : Over - all pump efficiency 

is 0.80 x 0875 = 0.70 (70% 

Draw secant A from known values of co 
city and pressure, draw secant B from 
and overall efficiency 

Power required is found t¢ 
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BAFFLE PLATES FUSE-PULLER PARTS 


FORMED INSULATOR 


ROLLER NUMBER TAG 


BINDER BUSHINGS GOLF-CLUB FACINGS 


FIBRE -the low-cost insulation of 1001 uses 


Look what Diamond Vulcanized Fibre can do for you! 
And look what you or CDF can do with it! 


If you can keep high-quality fibre clear of its worst 
enemy—moisture—you have the best economical in- 
sulating material you’d ever want for high arc-resistance, 
non-tracking, and long-time dielectric strength. 


UNIQUE PROPERTIES + The high tensile, flexural, and 
impact strengths, the easy workability (ideal for screw 
machines), the Rockwell hardness (to R80), the light 
weight (half that of aluminum), the low cost, and the 
excellent electrical characteristics (arc-resistance up *o 
150 sec.) of CDF Fibre make it a highly attractive 
basic insulation for cost-conscious designers and pur- 
chasing men. Put these properties to work in your 
product. 


60 CIRCLE 60 ON READER SERVICE CARD 


FABRICATION FACILITIES - CDF has excellent and ex- 
tensive facilities and know-how for turning out finished 
Diamond Vulcanized Fibre parts—better and more 
economically than you can do it yourself. We meet 
your specifications and your production schedules, and 
save you time and money in the bargain. 


Send us your print or your problem, and we'll return 
technical literature. For the phone number of the CDF 
sales engineer nearest you, see Sweet’s, Electronics 
Buyers’ Guide, and other directories. 

CDF makes Di-Clad printed-circuit laminates, Diamond Vulcanized Fibre, 


CDF products of Teflon, flexible insulating tapes, Dilecto laminated plastics 
Celoron molded preducts, Micabond mica products, Spiral Tubing, Vulcoid. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE —ABepeGf- COMPANY + NEWARK 40, DEL. 
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*7 .. . How to chair a technical meeting 


Masterminding a meeting is not just 
presiding, shining and introducing 
each speaker or subject with a flourish. 
it includes a number of responsibili- 
ties, some beforehand, if the meeting 
is to achieve anything like its potential. 
Program . . . Plan a coordinated pro- 
gram for a series of meetings or the 
individual meeting. Experiment with 
meeting procedures until you find the 
most successful one for the partic- 
ular group, then stick to it. For suc- 
cess: Start and stop on time; avoid 
those tiresome committee reports 
when there’s nothing to report and 
complete minutes of the previous 
meeting; don’t bog down the meeting 
by introducing committee members, 
old-timers still active, and minor visi- 
tors, by allowing pep talks by officers 
and egotistical biographical reports dis- 
guised as “coffee talks” . Most 
technical meetings suffer from too 
many “papers,” poorly prepared and 
delivered, about subjects of too-limited 
interest—and worse, actually disguised 
puffs for speaker or company product. 
Before the Meeting . . . Prepare a 
schedule showing events, approximate 
times, and any bon mots you just can’t 
resist. Have biographical data on your 
speaker and condense it. Don’t plan 
to read it in complete detail or to ab- 
stract as you read. Don’t be flowery. 
Be sure you can pronounce the 
speaker’s name and any biographical 
details you use, such as Greek-letter 
societies. Know what the speaker 
plans to say so your introduction 
doesn’t digest or anticipate him. 
Know whether he needs a_black- 
board and pointer, projector (type and 
size) and screen, easel, podium or 
other accessories; and check in advance 
for power outlets and details of opera- 
tion. A frequent missing link is the 
extension cord for the projector. Try 
the microphone and projector, the lat- 
ter for focus and visibility, the former 
for position and adjustment as well as 
disto.tion. If there are to be reporters 
present, or the speech is to be taped 
or stenotyped, be sure the speaker 
knows of it. And be sure the micro- 
phone is readily adjustable, podium 
and projector lights are independent of 
general lighting circuits, and someone 
who knows is at the controls. 
Care & Feeding of Speakers . . . Un- 


less his subject is so important nobody 


cares, be sure your speaker can speak, 
and tell him well in advance what you 
want hiin to cover and in what time. 
Tell him about how big his audience 
will be, whether or not ladies will be 
present, what the special audience in- 
terests and peculiarities are. If there 
are other events or speakers, tell him 
what they are and where he fits. And 
if you pian interviews, radio or T'V 
coverage, warn him. 

Check even local speakers a day in 
advance to be sure they know time and 
place and how to contact you quickly 
if they need help. Mect an out-of- 
town speaker at train or airport and 
take him to his hotel, so he will feel 
he knows someone in your group. Re 
serve his room. Better still, invite him 
to lunch (if it’s to be an evening 
meeting) with several of your officials 
and offer to arrange and conduct plant 
visits for him. Check your introduc 
tion with him, and warn him if blue 
stories are not approved. Arrange sig- 
nals for more voice and for time limits. 
If he has brought his wife, delegate 
wives from your group to offer her 
help and entertainment. 

Discussion . . . If the paper or speech 
is to be followed by discussion, prime 
at least two friends to ask questions 
(not the unctuous types who ask 
thetorical questions or deliver flowery 
compliments). Decide whether you or 
the speaker will handle the question 
period and if questions are to be oral 
or written. Written questions are usu- 
ally slow and awkward, except in very 
large meetings (more than 200) where 
there is danger that the question will 
not be heard. Have discussors identify 
themselves first, it’s only fair. Sum up 
the discussion points in your closing 
remarks, unless the speaker does. 

After the Speech Be sure the 
speaker has transportation to hotel or 
airport. Thank him in person, and 
write him a thank-you note later, en 
closing clippings of press coverage. 

When & What to Pay Most 
speakers at technical meetings are 
covered for expenses by their employ- 
ers. However, college professors, con- 
sultants and military personnel may 
not be and may expect expenses at 
least. If your meeting is outside the 
field of your speaker’s employer, either 
geographically or market-wise, he may 
not be able to charge expenses. And 
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he may be making some part of his 
living by speechmaking. So state in 
your first contact with him what your 
policy is. Post-speech presents are ap 
preciated, but should be of nominal 
value. 

Emergencies . . . As chairman, you'd 
better have an alternate program in 
mind in case your speaker is ill or 
doesn’t arrive—a stand-in speaker 01 
an industrial movie. . . . Your job is 
the occasional drunk, too-persistent 
heckler, long-winded questioner, o1 
floor orator. The first step is to remon 
strate, the second to demand quiet, 
the third is physical removal. . . . Do 
you have a couple of bouncers? A 
sort of emergency is the speaker who 
can’t stop. Just stand up, or walk to 
ward the podium. Only the hard-shell 
speaker will misread your intent 
Should windows be opened or closed 
corridor doors closed, kitchen help or 
people in the hall outside cautioned 
to be quiet? That's part of your re 
sponsibilities, too, through your aides 


A reprint is available including all 
seven lessons in this series. To get your 
copy, circle P42 on Reader Service Card 
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Problem. Design of a magnifying lens system for 35mm 
slide viewer*. 


Requirements. Five-times enlargement of slide picture with 
clarity, sharpness and freedom from distortion. Lens system 
to be resistant to impact if viewer is dropped. Viewer to be 
priced within range of single-lens units. 


Solution. Dual lens system, with lenses molded of optical grade 
PLEXIGLAS® acrylic plastic. Use of PLEXIGLAS resulted ‘in 
lenses that give excellent performance and are highly resist- 
ant to breakage. Because lenses could be molded precisely to 
fine tolerances, considerable production cost savings were 
achieved through elimination of lengthy grinding and polish- 
ing operations required for glass lenses. 


*"Opta-Vue’’, by Optics Mfg. Corp., Philadelphia 34, Pa. 
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Examples of fine quality molded parts made of 
PLEXIGLAS, in many fields of use, are shown in 
our full color brochure, ‘‘PLEXIGLAS for Molded 
Parts”. We will be pleased to send you a copy. 


Chemicals for Industry 


HM & HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA S, PA, 


In Canada: Rohm & Haas Co. of Canada, Lid., West Hill 
Crystal Glass & Plastics, Lid., Toronto 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 











Hydraulic pressure keeps seal faces closed... 
in shaft seal. Springs, used to keep carbon faces in contact only 
when shutdown or pressure is reduced below operational level, 
and other axially flexible members, are stationary. Springs ar 
isolated from process fluid. Operational pressure on one side of 
sealing faces is counterpoised by fluid pressure on opposing side 
his action keeps faces parallel and in constant balance. Oper 
ates from vacuum to high pressures with wide range of fluids, 
including corrosives. $50 to $140 in 4- to 3-in.-dia shaft sizes 
Delivery, 2 wk. A W Chesterton Co, 6 Ashland St, Everett 
49, Mass. 
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ribbon lead wire 








/ntermediote 


‘Sensitive element 
lead wire 


Q3 Gage length 


Mica corrier 











Semiconductor strain gages . . . 
operate on piezoresistance principle. Semiconductor and attach 
lead wires are bonded to suitable carrier. Gages are not flexibk 
however, and can be applied to flat surfaces only 


temperatures to 800 |} 


Operate 
Resistance of gages can be varied 
adjusting physical dimensions of strain-sensitive material or 
adjusting resistivity. Gage factor, said to be about 60 times 
that of metal gages inversely proportional to temperature 
or about 0.17% /°F at 70 F. Particularly suited to measurements 
of very low strain; where high output, to 1 v, makes instrumenta 
tion simpler or less expensive; at elevated temperatures under 
certain conditions; under water or in areas where waterproofits 
is difficult. Available from stock. Type DA-101 is supplied six 
to a package, at $90 net, FOB Newton. Kulite-Bytrex Corp, 50 
Hunt St, Newton 58, Mass. 


Circle 301 on Reader Service Card 
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Poppet-valve actuators .. . 
for 4-way and 3-way circuits include mount straight-thrust 
button type (A); ball-operated unit (B) to eliminate plunger dk 
struction by side-wipe thrust; knob-operated model (C) to mount 
on panel or machine-operating station; miniature button operator 
D) to be used as safety auxiliary unit. Basic button unit 
$2.65; ball-operated unit, $3.50; knob valve, $3.65, and miniature 
safety poppet, $1.25 Airelectric Corp, PO Box 208, Melrose 
Park, Ill. 
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Radiation detector. . . 
can be used for flow measurement, counting, gaging 


liquid-level 
control 


Measures number and energy of atomic particles at 
speeds said to be 1000 times faster than previovs detectors 
Based on’a slice of doped silicon, so thin as to be barely discern 
able to the eye, which, when struck by a charged nuclear pat 
ticle, emits pulse that can be measured and analyzed. Requires 
no power pack since it operates at very low voltage. Tentative 
price, about $50. Delivery within 30 to 60 days. Hughes Nuclear 
Electronics Laboratory, PO Box 90515, International Airport Sta, 
Los Angeles 45. 
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Base-metal sheet .. . 
for direct application of porcelain-enamel 
finish coats is produced from improved 
grade of enameling iron with special 
processing in mill. Single-finish coat of 
porcelain enamel in white or color can be 
applied in one firing operation. Said to 
produce smoother surface and to resist 
mechanical damage to greater degree than 
sheet enameled by conventional two-coat 
practice. Base metal is now in commercial 
production, but supply is limited. Armco 
Steel Corp, Middletown, Ohio. 

Circle 304 on Reader Service Card 


Over-temperature protector... 
specifically for subfractional-hp motors, 
1 in. dia and larger, is also suitable for 
small solenoids and transformers. Re- 
sponds to both current and temperature. 
Compensating heating element permits 
snap-action sensing disk to follow tempera- 
ture changes of component to be con- 
trolled closely. ‘Temperature levels of 
protection are 302, 347 and 392 F. Max 
contact capacity is 5 amp at 27 v de or 
120 v ac. Units are said to conform to 
MIL-M-7969 and MIL-M-8609 and, when 
mounted in equipment, to MIL-E-5272 
Envelope measures 0.28 x 0.20 x 0.60 in. 
Weight, excluding leads, is 1 gm. Metals 
& Controls, Div of Texas Instruments Inc, 
Attleboro, Mass. 
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Epoxy resin. . . 
that can be used in laminating, casting 
and adhesive applications is reported suit- 
able for service at temperatures above 400 
F. Priced at 68¢ per Ib in trucklead 
quantities. Dow Chemical Co, Midland, 
Mich. 

Circle 306 on Reader Service Card 


Tape is adhesive-coated 
both sides . . . 
and is cut to size and shape of one or both 
surfaces to be joined. Precut pieces are 
furnished mounted on dispenser cards or 
liners. Various tapes, many with special 
physical properties, can be coated with any 
type of adhesive to meet application re- 
quirements. W H Brady Co, Dept DC, 
727 W Glendale Ave, Milwaukee 9. 

Circle 307 on Reader Service Card 


Hi-temp mercury relays. . . 

are miniature, hermetically sealed units 
with ratings of 30 amp at 115 v ac. Offer 
various time delays for ac relays without 
using thermal delay mechanisms. This 
type of relay enables remote control wiring 
with low voltage to switch. Three groups 
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available: units for ordinary temperature 
requirements; — high-temperature-resistant 
relays for operation to 500 F; and those 
for use to 1200 F. Sorrels-Johnson Corp, 
363 Rantoul St, Beverly, Mass. 

Circle 308 on Reader Service Card 


Extrudable, moidable Teflon... 
can be processed in thermoplastic equip- 
ment, unlike presently available TFE- 
fluorocarbon resins. Offers conventional 
characteristics of TFE resins, but differs 
somewhat in heat resistance. Rated for 
continuous service at temperatures to 400 
F; at higher temperatures for more limited 
periods of time. Resists extreme cold to 
—450 F. Priced at $11.60 per Ib in truck- 
load quantities. Now in commercial pro- 
duction. E I DuPont de Nemours & Co, 
Inc, Wilmington 98, Del. 

Circle 309 on Reader Service Card 


ee 


Plug-in limit switch .. . 

has two 2-circuit double-break switches 
that can control four isolated circuits. 
Roller lever actuator, when moved to left, 
operates one of these basic switches; when 
moved to right, operates other. Mounted 


in die-cast aluminum housing. Micro 
Switch, Freeport, Il. 
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Miniature miter gearboxes... 
assembled with precision ballbearings are 
clear passivated stainless steel. Frame is 
anodized aluminum. Precision 2, right- 
angle miter gears offer min backlash to 
better than 10 min. with variable mount- 
ing combinations. Approximate over-all 
size is § x 14 x 2 in. Pic Design Corp, 
477 Atlantic Ave, East Rockaway, NY. 
Circle 311 on Reader Service Card 


Epoxy resins .. . 

that differ from conventional epoxies in 
structure, reactivity and end-properties, are 
epoxidized polyolefins rather than epichlor- 


hydrin bisphenol condensates. As a result 
of this molecular construction, many 
epoxy groups capable of reaction are 
located internally and externally along 
basic hydrocarbon chain. Resins cure 
through multiple epoxy and hydroxy 
groups and through bonds. Applicable as 
insulation, lamination, molding, adhesives 
and protective coatings. Food i 
& Chemical Corp, 161 E 42nd St, New 
York 17. 

Circle 312 on Reader Service Card 


6-gpm variable-vane pump... 
includes integral pressure compensator 
that can be set for from 200 to 500 psi 
operation. Sharp cutoff characteristics en- 
able pump to deliver nearly full volume 
up to compensator setting even at low 
operating pressure. Unit is for operation 
with 1800-rpm electric motors. Suitable 
for use in circuits that require pump de- 
livery to vary according to system needs 
and, at the same time, maintain pre- 
selected adjustable pressure. Vickers Inc, 
Detroit 32. 

Circle 313 on Reader Service Card 


Hydraulic valve .. . 
combines high-pressure hydraulic relief, 
pressure reducer and check valve. Oper- 
ates at pressures to 4000 psi, at tempera- 
tures from —65 to 275 F. Designed for 
hydraulic fluid per MIL-O-5606, but may 
be adapted to use other hydraulic fluids. 
Vinson Engineering & Sales Corp, 8044 
Woodley Ave, Van Nuys, Calif. 
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Miniature photoelectric 
pickups .. . 
are reflecting-type units for use with con- 
trols and counters. Position of light 
source and photo unit is adjustable for 
angle and reflection of spot distance. 
Series of relays contain controls for ad- 
justing light sensitivity and photo sensi- 
tivity. Relay can be triggered to act at 
any desired threshold of reflected light. 
Unit measures 13 x 24 x 23 in. Relay 
amplifier may be used in conjunction with 
reflector-type pickups for close registration 
applications. Photomation Inc, 96 S 
Washington Ave, Bergenfield, NJ. 
Circle 315 on Reader Service Card 


Explosion-proof limit switch 
offers gear ratios from 5:1 to 1750:1. In- 
dependent cam settings permit adijust- 
ments of one cam without upsetting po- 
sition of other. UL-approved switches 
have SPDT contacts for reversing control 
circuits. Rotary switch is rated 125, 250 
continued on page 66 
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Dispenses all 
lubricating oils 

up to 25,000 SSUV 
at 100° F. 


Now/ Automatic Lubrication for: 


Heavy-duty bull gears / 


Hea vily h loaded plain bearings / 


Heavy-duty chains! 


Hear vy- duty slides and wa ays. / 


Largest size antt-friction bearings / 


Noweven your heavy-duty bearing surfaces can be 
lubricated continuously and automatically with 
the required high viscosity oils! An exclusive new 
“Thermo-Aire” feature on Alemite’s Oil-Mist Sys- 
tem preheats incoming air. This preheated air 
permits the atomization of the heaviest straight 
mineral oils. 


The “Thermo-Aire” unit brings all the advan- 
tages of Alemite Oil-Mist to heavy-duty lubrica- 
tion. You get automatic, continuous lubrication 


1850 DIVERSEY PARKWAY, CHICAGO 14, ILLINOIS 


FEBRUARY 22, 1960 


. . eliminate guesswork, cut oil consumption (up 
to 90%). You prevent product damage caused 
by oil drippings, extend bearing life, eliminate 
waste, save manhours, get greater safety, elimi- 
nate machine downtime and reduce the number 
of lubricants needed. 


Write for a Free Catalog, or see your Alemite Representative 


ALEMITS 


CiviSton 
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and 460 v, 15 4 amp dec; 
250 v, 4 amp dc. Enclosed in lightweight, 
cast aluminum, Nema 7 housings. Gemco 
Electric Co, 25685 W Eight Mile Rd, 
Detroit 40. 

Circle 216 on Reader Service Card 


amp ac; 125 v, 


Rheostat footswitch .. . 

uses variable resistor that has max resist 
ance of 350 ohm, with unit rated at 0.5 
amp at 125 v ac or de. Housing is phe 
aolic. Supplied with 6-ft, 18/2 cord set 
with molded-on 2-prong series plug. Avail 
able from stock. Linemaster Switch Corp, 
432 Woodstock Terrace, Woodstock, 
Conn. 


Circle 317 on Reader Service Card 


Automatic lubricating device 
consists of reservoir, pump and manifold 
with attached injectors. Serves up to 25 
lubrication fittings Walker Mfg Co, 
New Product Research Div, Racine, Wis. 
Circle 318 on Reader Service Card 


Heat-treated spring-steel nuts 
can be cadmium-plated, nickel-plated, 
black phosphate and plain. Dimensions 
are * in.27 NPS; hex with ¥% in, 
washer, § in. dia. Samples offered. Crest 
Products Inc, PO Box 64, Union, NJ. 
Circle 319 on Reader Service Card 


Silicon mesa transistors . . . 
of diffused junction, drift field design 
serve as high-speed switching units operat 
ing at medium power levels and as very 
high frequency amplifiers. U-shaped, base- 
emitter configuration allows utilization of 
most of the transistor’s emitter area. Two 
units, now evailable, offer dc pulse current 
gains of 120 and 60 max. In quantities of 
1 to 99, price is $28.50 each; 100 to 999, 
$19 each. Hoffman Electronics Corp, Semi- 
conductor Div, 1001 Arden Dr, El Monte, 
Calif. 

Circle 320 on Reader Service Card 


Precision-drive motors . . . 
are said to be dynamically balanced to 
0.000,025 amplitude of vibration. Max 
shaft runout is 0.000,050 in. Available in 
1- to 20-hp units with speeds from 900 
to 3600 rpm and straight or tapered noses 
Permanently preloaded, double-row cy 
lindrical roller bearings with tapered bores 
are mounted at shaft extension end of one- 
piece integral casting that forms motor 
housing and base. Pope Machinery Corp, 
261 River St, Haverhill, Mass. 

Circle 321 on Reader Service Card 


Differential pressure 
transducer .. . 
is said to have high natural-frequency 
response. In this model, both corrosiv: 
and conductive media can be applied to 
either side of single diaphragm. ‘Trans 
ducer is fully compensated for tempera 
ture effects from —65 to 300 F. Available 
in unidirectional pressure ranges from | 
to 10 psid to 0 to 3000 psid; in bidirec 
tional pressure range from 5 to 1500 
psid. Measures 24 x 24 x 14 in. Total 
weight is 17 oz. Dynisco Inc, 42 Carle- 
ton St, Cambridge 42, Mass. 

Circle 322 on Reader Service Card 


Small motor-driven actuator... 
originally designed for operating ball valve 
submerged in gasoline develops 100 in.-!b 
Starting torque, with nominal running 
torque of 25 in.-lb. Actuatur shaft rotates 
90°+14° and incorporates Geneva move 
ment for valve positioning. This unit 
operates en 115 v ac, 400-cps power. A: 
tuator weighs 2.6 Ib; is 5 in. long and fits 
into 3-in.-sq envelope. Exceeds appropri 
ate MIL specifications. Globe Industries 
Inc, 1784 Stanley Ave, Dayton 4, Ohio. 


Circle 323 on Reader Service Card 


All-nylon gear couplings .. . 


are for direct drives with small integral 


hp and fhp motors. Reported to have 
been tested for static torque of 1100 in.-Ib 
more than 10 times their recommended 
operating torque of 100 in.-lb. Hubs are 
bored for shaft sizes of #, 4, # and ? in 
and are locked in position on shafts with 
two setscrews spaced 120° apart. Two 
larger sizes also have keyways fe x se in 
Couplings have over-all length of 2 in 


and sleeve OD of 148% in. Stocked for 
immediate delivery. Waldron-Hartig Div, 
Midland-Ross Corp, PO Box 791, New 
Brunswick, NJ. 

Circle 324 on Reader Service Card 


Gun-operated grease system 
can consist of up to 16 outlets with out 
puts varying from 0.010 to 0.070 cu in 
of grease per cycle. Cycle indicator, at 
side of assembly, enables operator to cycle 
assembly correct number of times to give 
each bearing proper amount of lubricant 
Measuring pistons operate in sequence and 
any blocked line or bearing stops cycle, 
freezing indicator pin, and giving central 
warning signal. Trabon Engineering Corp, 
Solon, Ohio. 

Circle 325 on Reader Service Card 


Free-rolling wheel . . . 
ncorporates built-in brake, which can be 
hydraulically or mechanically actuated, for 
use on  material-handling equipment. 
Wheel is said to lessen vehicle's rolling 
resistance by nearly 75%. Wheels are 
machined aluminum castings fitted with 
cone-shape bearings. Solid tire molded 
from specially developed rubber com- 
pound is molded directly to wheel to form 
integral unit. Made in standard 14- and 
16-in. sizes. Palmer Mfg Co, 4810 W 
139th St, Cleveland 35. 

Circle 326 on Reader Service Card 


Miniature photoelectric 
controls .. . 

for automatic industrial inspection, count 
ing and control, permit interconnection 
of system clements by plug-in terminals 
and receptacles. System consists of light 
source, photocell and amplifiers that are 
available in tube or transistor-equipped 
form. Operating range of standard units 


continued on page 68 


PRODUCT ENGINEERING + FEBRUARY 22, 1960 





ry 


mee a ddd 


Neg oe H : Ff a | 


...and where 


High-offset makes a difference! 
It’s the that lets 
combine high-reduction with strength, 


difference you 
compactness and other advantages 
you might find profitable in certain 
applications. For instance .. . 


For smooth operation—as in office 
equipment that 
must run quietly 
—high-offset pairs 
provide smooth, 
quiet tooth action. 
Because the teeth 
“wrap around” 
the 
get continuous action—even with just 


pinion, you 


. a 
Oe Sy 


one or two teeth. 


Where space is a problem—as in in- 
strumentation—the high-offset lets 
you design a more compact unit. 


sie tan 


can you use 


the 
offset to solve your 


Choose just 

design problem 

with a more flexi- 

ble, more compact 

unit than the cor- 

responding worm 

and wheel. 

Where you need strength—as in farm 

machinery —high-offset hypoid pin- 

ions with teeth, which tend to “wrap 

around,” are larger and stronger than 

corresponding bevel pinions. 
High-offset or high-ratio hypoids 

can be cut on the same Gleason equip- 





it profitably? 


ment that is used 


on more familiar 


spiral bevel and 
hypoid gears. You 

| ‘ 
the = 


can also use 


Same testers, 
quenching presses 
and other auxil- 
lary Gleason equipment you're using 
now. Grinders are available for appli- 
cations requiring prec ision finish. For 
ratios of 1:10 or 1:40 or even higher 
Get more information by writing 
for free literature. Submit your prints 


for recommendations 


GLEASON WORKS 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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NOW... 


STALWART 
PRODUCES 
SYNTHETIC 
RUBBER PARTS 


formulated 
with 


*Viton is o 
trademork of the 
OuPont Compony 


VIT 


et 


for unequaled resistance to 





OILS e CHEMICALS 
SOLVENTS e FUELS 
AND TEMPERATURES 
OVER 400°F. 


At last ... a high-strength flexible material that 
resists the effects of corrosive fluids at tempera- 
tures over 490° F.! Viton ... a newcomer to the 
synthetic rubber family . . . provides unparalleled 
resistance to many solvents, hydraulic fluids, lubri- 
cants, acids, bases and fuels ... successfully with- 
stands ozone, weathering, and oxygen. Viton 
custom rubber parts are now being used in the 
automotive, aircraft/missile, petroleum, chemical 
and appliance industries. Now Stalwart’s modern 
plants are prepared to compound, mold, extrude, 
cut, calender and splice Viton parts to meet your 
exact specification .. . deliver them on schedule. 
Stalwart also fabricates rubber parts from Neo- 
prene, Hypalon, Hycar, Buna N and other syn- 
thetic rubbers. Injection molded plastic parts are 
available from Stalv-art’s Plastics Division. Write 
for specific information. 


THE WORLD'S LARGEST PRODUCER OF 
SILICONE CUSTOM RUBBER PARTS 


TALWART 


RUBBER COMPANY 


Worren and Bedford, Ohio 
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166 Northfield Read + Bedford, Ohio 
Monvufacturing facilities in Josper, Georgia, 
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is 20 ft max; operating speeds are as high 
as 1000 per min. Complete system prices 
start at $56.50. Standard Instrument 
Corp, 657 Broadway, New York 12. 

Circle 327 on Reader Service Card 


Arc inhibitor . . . 
is said to increase service life of control 
circuit contacts as much as 10 times. Re- 
ported to reduce contactor drop-out time 
up to 70%. Recommended for 115 and 
235 v de inductive circuits. Vital com- 
ponents embedded in epoxy resin com- 
pound. Square D Co, EC&M Div, 4500 
Lee Rd, Cleveland 28. 

Circle 328 on Reader Service Card 


Ball-type low-flow indicator... 
for flows down to 0.075-gpm water and 
}-cfm air or gas. Flow makes ball dance 
in toughened glass dome. Made in 4-in 
pipe size for pressures up to 100 psi with 
die-cast bronze body and nylon or Teflon 
ball. Indicator is available for flows to 
120 gpm max. MclIntosh Equipment 
Corp, Walker, Croseller Div, 15 Park 
Row, New York 38. 

Circle 329 on Reader Service Card 


Word-indicator light . . . 

operates directly on 115-v ac using stand- 
ard miniature 327 bulbs Circuitry is 
modular control capsule, 
eliminating need for transformers or spe 


contained in 


cial power supplies. Only solid-state com 
ponents are used Units rebulb from 
front, mount flush, meet MIL-E-5272B 
and permit simple legend replacement 
Available in 44 standard configurations 
Master Specialties Co, 956 E 108 St, 
Los Angeles 59. 

Circle 330 on Reader Service Card 


Highly fluorinated elastomer 

with improved workability is rated for 
service above 400 F and resists corrosive 
Moone, 
scorch rating almost three times that oi 


Provides fast cure with 


hemiicals New version has 


original product 


continued on page 72 
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Where do you use temperature controls? 


. in coffee urns .. . brooders . . . ventilating 
systems . . . molding machines . . . or in one of 
a hundred other applications that call for electric 
or gas temperature controls? 

Wherever you use them—whatever your re- 
quirements, it’s almost a certainty that Robert- 
shaw has already designed and perfected the 


Here are a few of the many characteristics of 
Robertshaw electric temperature controls: 


*® snap acting or slow make and break 

e single or double pole 

e direct or reverse acting 

¢ maximum ratings—25A at 250 AC, 15A at 115 DC 
*« temperatures up to 800° F. 

e bulb and capillary thermal element 

e stainless steel diaphragm 

e case—rugged all steel construction 


industry’s most complete line of controls 
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dependable type of electric or gas temperature 
control you need. 

Call us today, or fill in and mail coupon 
for information on specific control applications. 
We w ‘ be happy to aid you any way we can. 
Roberishaw Thermostat Division, Robertshaw- 
Fulton Controls Company, Youngwood, Penna. 


VMA 6359 


Gentlemen: , 
Please send temperature 
applications 


Name & Title 

Company 

Address 

City Zone State 


Mail to: Robertshaw Thermostat Division 


rmation for these 


Robertshaw-Fulton Controls Co., Youngwood, Pa. 
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from dishwasher tops...to barge skegs... 


GAMBLE solves problems with WOOD! 


PROBLEM: Wood cutting-board tops of automatic 
dishwashers were splintering—and even distorting 
the machines themselves—from tangential swelling 
and shrinking of the tops. 


SOLUTION: Gamble wood engineers developed a 
strip-constructed board, with edge grain exposed, 
which is now in volume use. 


PROBLEM: The solid wood skegs (outer keel) of 
assault barges were cracking and splitting on beach 
landings. 


SOLUTION: The first laminated skeg was researched 
and developed—then built in quantity—by Gamble 
Brothers. 


Design problems like these are “all in a day's 
work” to the wood engineers at Gamble Brothers 
—a unique organization designing and building 
a wider variety of wood products than any other 


U. S. woodworking company. Today they're work- 
ing in re al areas: (1) improvement of 
present wood products (2) development of new 
wood products (3) product development in com- 
binations of wood and other materials. 


Why not — your design of component 
problem to Gamble Brothers? WOOD may be 
the answer! 


FREE booklet illustrates GAMBLE services 


This 28-page booklet de- 
scribes Gamble facilities and 
services in detail. Includes 
many photographs of unusual 
products designed, tested 
and perfected by Gamble 
Brothers. Write for your 
copy today! Gamble Brothers, 
Inc., 4617 Allmond Ave., 
Louisville, Ky. 


If the problem involves wood, Gamble can help! 


GAMBLE BROTHERS, INC. 


4617 Allmond Avenue, Lovisville, Kentucky 
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Only VALCOR 


makes solenoid valves 
of 


TEIEO, 











*DuPont Company 
registered trademark 


Now, from the company that pioneered the use of Nylon and PVC in solenoid valves for corrosive 
service, comes a solenoid valve with a molded body and diaphragm of Teflon that is chemically 
inert and corrosion-resistant to virtually any corrosive medium you are now using. 


Valcor solenoid valves made of all Teflon are ideal for critically corrosive applications and where long 
life is essential. They will outlast and outperform steel. Available in a variety of sizes and pressure 
ratings. Stocked for immediate delivery. Write today for complete technical data. 


iVLA/] 4 VALCOR ENGINEERING CORP. 


SOLENOID VALVES 5375 Carnegie Ave., Kenilworth, N. J. - CHestnut 5-1665 
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CARBIDES 


for modern 
industry 


A wealth of experience in high tempera- 
ture technology, symbolized by the 
NORTON FIREBIRD, has created carbides in 
commercial quantities for a wide range of 
industrial uses. 

In CHEMICAL PROCESSING, carbides of 
silicon, zirconium, and titanium are idea] 
source materials for many processes in- 
cluding chlorination. Boron carbide is a 
starting point for high energy fuels. . . 
The METAL INDUSTRY uses silicon carbide 
extensively as an additive in steel and 
grey iron production — other carbides as 
additives for nuclear steels and super al- 
loys . . . Manufacturers of ELECTRONIC 
components utilize the high temperature 
semi-conductor characteristics of silicon 
carbide and other carbides. 

NORTON carbides are finding ever in- 
creasing use as shapes and as coatings re- 
sistant to unusual conditions of abrasion, 
erosion, and corrosion at elevated tem- 
peratures. 

Why not investigate these versatile 
products for your needs? Write NORTON 
CoMPANY, Electro- 

Chemical! Division, 
221 New Bond St., 
Worcester 6, Mass. 


Send for booklet 
on carbides and 
other Norton 
Electro-Chemicals, 


ELECTRO-CHEMICALS 


GIFTS OF THE FIREBIRD: compounds of silicon 
zirconium ¢ boron « aluminum ¢ magnesium 
titanium « chromium « including many borides 
carbides « nitrides + oxides 


75 Years of... 
Making better products... 
to make your products better 
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chine is available from stock. 


| or uncalibrated and unsealed 





with change in load 
| about 4-cycle. Operates ac/de series uni- 
| versal-type motors, in fractional to in 


COMPONENTS * MATERIALS * PROCESSES 
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good heat-aging qualities. Retains all 
other characteristics including low com- 
pression set after curing. Improved elas- 
tomer, at no increase in price, sells for 
$10.25 per Ib on orders under 50 Ib; $10 
per lb for larger quantities. Minnesota 
Mining & Mfg Co, 900 Bush Ave, St 
Paul 6. 

Circle 331 on Reader Service Card 


Aluminum air-control valve ... 
for any air or hydraulically operated ma 
Lever con- 
trols forward, reverse and off operations; 
lock can hold lever in either of first two 
positions. Offers heavily spring-loaded 
poppets, # in. dia stems, Buna-N disks, 
raised seats. 4-in. valve is $12.95. Self 
closing model that closes automaticall; 
when operator releases lever is also $12.95 
in 4 in. size. OPW-Jordan, 6013 Wiehe 
Rd, Cincinnati 13. 

Circle 332 on Reader Service Card 


Miniature sealed thermostat 
measures ly in. over-all and } in. dia 
Rated at 1 amp, 28 v de or | amp at 
115 v ac. Weighs 0.083 oz. For opera 
tion at temperatures of —100 to 300 F 
Thermostats may be factory-sealed and 
calibrated to within 5 F of specifications, 
with smaller tolerance on special orders, 
Geo Ulanet 
Co, 413 Market St, Newark 5, NJ. 
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Power-compensating 
transformer . . . 

is essentially inductor with laminated iron 
core connected in series with ac capaci- 


tance. Regulates voltage and phase angle 
thus input power) across an electrical load 
Response time is 


tegral-hp ranges, on ac in infinitely-var 


iable-speed range of 5:1 or more, depend- 
ing on the motor design. Any preselected 
speed can be held constant within 5 to 
7% from no-load to full-load without 
feedback. DC shunt-type motors, in 
fractional to integral-hp sizes, can be oper- 
ated directly from an ac power source 
with output rectified after transformer. 
Rectified power output will automatically 
hold given speed of de shunt-type motor 
almost constant from no-load to over 
200% full-load torque without feedback. 
Infinitely-variable speed range up to 40:1 
or more can be achieved. Vee-Arc Corp, 
Westboro, Mass. 

Circle 334 on Reader Service Card 


Deep-drawn magnesium 
boxes... 
are now available from stock in sizes from 
14 in. sq with heights of 7 to 1 in; 
to 1848 in. sq with heights from 2 to 9 in 
Any standard box can be furnished in any 
increment of ye in. of height between max 
and min. Zero Mfg Co, 1121 Chestnut 
St, Burbank, Calif. 

Circle 335 on Reader Service Card 


Polypropylene block . . . 
can be easily machined, ground, drilled, 
threaded and welded, with standard wood- 
working or machine tools and equipment 
Withstands temperatures to 240 F, under 
average service load conditions. Available 
from stock in sizes from 1 x 12 x 12 in 
and weighing 4.7 Ib, to 3 x 12 x 24 in 
and weighing 28.2 lb. Prices range from 
$11.75 to $63.45 per block, depending 
upon size. American Agile Corp, PO Box 
168, Bedford, Ohio. 

Circle 336 on Reader Service Card 


Miniature incandescent 
readout... 

displays digits “0” through “9” on com 
mon | x 1 in, area. White-on-black num 
erals are presented instantaneously with 
lighting of each bulb. Utilizes adaptation 
of lenticular optic technique. Modular 
unit mounts directly on panel. Over-all 
size is 1 x 1 x 3 in. Offered with bulbs 


continued on page 74 
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Denison and Denison HydrOlLics are istered 
trademarks of Denison Eng. Div.. ABSCO 


DENISON 


dnOllica 


This AUTOMATIC, truck handles 
hefty steel coil like a baby 


with smoother, safer 
DENISON hydraulic power 


POWER 


FLUID POWER for this “Skylift Giant” industrial truck—equipped 
with a special “Coil Up-Ending Attachment”— means it can easily 
heft rolls of coiled steel weighing from 10 to 40 tons. Denison 
hydraulic power pays off here in smoother, faster, safer handling. 

In leading mills, these heavy-duty trucks speed handling and 
storage without damaging coils. The Coil Up-Ending Attachment 
enters the coil’s inside diameter with a fixed ram . .. while the out- 
side is gripped by a powerful hydraulic clamp. This clamp-and- 
ram design prevents “telescoping” of coils during handling. 

Three hydraulic cylinders — powered by motor-driven Denison 
3,000 psi Axial Piston Pumps—furnish lifting and clamping power. 
All three cylinders are connected hydraulically in parallel, which 
results in a telescopic-cylinder action—but has the added advantage 
of retaining equal force and speed throughout the stroke at con- 
stant pressure and delivery. 

Result: Operator easily controls lowering speed at any level... 


HYDRAULIC PRESSES 
PUMPS + MOTORS + CONTROLS 


HYDRAULIC HANDLING 
for steel coil. This “Sky- 
lift Giant’ unit was 
developed by Automatic 
Transportation Co., 
Chicago—Division of Yale 
& Towne Mig. Co. The 
“Coil Up-Ending Attach- 
ment’ is powered by 
Denison Axial Piston 
hydraulic pumps. 


and can inch the load up from extremely slow speed to maximum 
for which the flow control is set. Safe, fast, smooth hydraulic control 
helps keep “Skylift” trucks continuously on-the-job... handling 
extra payloads. 

Here’s the kind of job your Denison Hydraulic Specialist can 
help you do now. Call him in. See how Denison hydraulic power 
can help put more payload into your equipment. 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 
1194 Dublin Road + Columbus 16, Ohio 


DENISON 


HYDRAULIC POWER 
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valuable aid to product designers 


It's complete. Includes special design assistance, versatile mold 
making, unlimited press capacity. Produces molded laminated 


plastic parts with great mechanical strength, dependable electrical 
insulation, absolute uniformity, without costly machining. Write for 


FREE Bulletin 909. Formica Corporation, a subsidiary of American 
Cyanamid, 4516M Spring Grove Ave., Cincinnati 32, Ohio. 


& product ot ——"EvaNARSI D> 
CIRCLE 204 ON READER SERVICE CARD 


another 


wonderful 


for designers 


GRC’s UNIQUE AUTOMATIC 
METHODS INSERT THREADED 


PIECES, 


WIRES, even CONTINUO 


ELEMENTS, RIGHT IN THE 
MOLDING OR CASTING CYCLE 


. 2 
insert elements 


. economical, GRC’s exclusive automatic machines 


in zinc alloy die castings . . . in thermo- 
plastic moldings, assure uniformity, eliminate 
assembly . . . make possible entirely new 
designs . . . cut labor and costs. 


Write for bulletins, send prints for quotation. 
No size is too smalll Maximums: 

Zinc Alloy 1¥2“, V2 oz.—Plastic 14", .03 oz. 
World’s Foremost Producer of Small Die Castings 








¥. 
@! 





GRIES REPRODUCER CORP. 
159 Beechwood Ave., New Rochelle, N. Y. . 





A DOUBLE 
INSERT Part, 
automatically 
produced 


For this 18M Brush 
Assembly, the core is 
die cast automatically 

and continuously 
onto 6 strands of 
music wire, 3 on 

each side. 


In the second cycle 
the nylon insulating 


jacket is molded | 
automatically and | 


continuously . . . 
right onto the die 
cast core and 
wire inserts 


NEw Rochelle 3-8600 
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CIRCLE 74 ON READER SERVICE CARD 


COMPONENTS * MATERIALS + PROCESSES 
. continued 


that operate from 24, 6, 12 or 28 v sys 
tems. Display can be read from wide 
angle of view. Unit with 24 v bulb is $24 
in quantities up to 99. Available from 
stock. Burroughs Corp, PO Box 1226, 
Plainfield, NJ. 

Circle 337 on Reader Service Card 


Guide to ferrous metallurgy 
has been plaque-mounted and _plastic- 
laminated for wall display. Incorporates 
carbon-iron diagram and shows important 
working zones in black and colors, sug 
gesting black-heat range and characteris 
tic hot-body radiant hues. Change in 
grain size with temperature is illustrated 
and 24 fundamental metallurgical terms 
are defined. Processed plaques are $5, in- 
cluding parcel post charges, in US. Tempil 
Corp, 132 W 22nd St, New York 11. 
Circle 338 on Reader Service Card 


Photoelastic device . . . 
provides visual indication of principal 
strain and stress directions at desired 
points on test surface. Indicates principal 
stress direction of static and dynamic 
strains and, in certain cases, may be used 
for stress ratio determination. Available 
with effective gage diameter of # or 1 in. 
No external instrumentation or connec 
tions are required. Baldwin-Lima-Hamil- 
ton Corp, Electronics & Instrumentation 
Div, 42 4th Ave, Waltham 54, Mass. 
Circle 339 on Reader Service Card 


| Reusable transport cases. . . 


are made by bonding lightweight sand- 
wich panels to extruded corners to with- 
stand vibration and shock loads. Flexible 
honeycomb core absorbs energy of impact 
load. Bonded construction eliminates 
riveting or welding, resulting in pressure- 
tight container. Fasteners, handles and 
mounting brackets are added to individual 
panels as sub-assemblies. Complete struc 
ture can meet military specifications for 
heavy-duty water-tight cases. Metal- or 
plastic-faced honeycomb, plywood- or 
foam-core panels can be used, depending 
upon design. Monogram Precision Indus- 
tries Inc, 5245 San Fernando Rd W, Los 
Angeles 39. 

Circle 340 on Reader Service Card 
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(ADVERTISEMENT ) 


Let’s take the heat off 


worm gear speed reducer is one of the 

toughest little customers in captivity. 

It reduces speeds day-in, day-out, with 
little complaint. While it works long and hard, 
it has limitations—set by ratio, center distance, 
RPM, mechanical and thermal HP ratings, etc. 
And, depending upon how precisely it was 
selected and fitted to the job requirements, 
it will do what it has to do. 


But sometimes it’s forced to play outside of 
its league. It must cope with job requirements 
that vary from here to there—normal 8 to 10 
hour service without recurrent shock, the same 
length of service where there is some shock 
loading, continuous low-speed service and al- 
most countless others. But the thing that really 
puts the pressure on reducers, the thing that’s 
lurking in every set of job requirements—is 
h-e-a-t. 


When you exceed the thermal capacity ofa 
reducer for more than an hour or so, excessive 
temperature thins the lubricant resulting in 
wear; material, bearing and oil seal failures; 
etc. Of course, the proper lubricant will help 
but it can’t cure the continuing problem of 
excessive heat. 


So how can we lick this toughy? One way is 
to build the reducer housing oversize, big 
enough to radiate the heat away and keep 
temperatures down. But this type sticks out in 
aisles, louses up compact designs and barks 
shins. Then, we might try a smaller housing 
complete with fins on it to dissipate the heat. 
If this still doesn’t work, another trick is to 
use a reducer with capacities and ratings a step 
above the ones we need. This is sending a man 
to do a boy’s job. It’s impractical, inefficient 
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and costly. There has to be an easier, better, 
saner and cheaper way to do it. And there is! 


In certain cases, where the size and type of 
reducer permits and where we can gain enough 
in thermal HP rating to keep heat generation 
in bounds, Cone-Drive Gears does it with 
fan-cooling. 


What’s that? Simple. Just add a fan to the 
worm shaft plus the necessary air shields, fan 
cover, etc., and presto!—heat is no longer a 
problem. The air shields direct the fan-pushed 
air over the fins on the lower portion of the 
reducer. The fins are shaped and spotted to 
guide the air stream where it is needed. Thermal 
HP ratings are boosted tremendously, as high as 
147% above those of standard reducers in some 
cases! Those over-worked, over-heated reducers 
will now do the job you bought them to do. 


Other advantages? They’re here in abun- 
dance. The size of the reducer stays the same. 
All parts on a Cone-Drive fan-cooled reducer 
are 100% interchangeable with parts for stand- 
ard reducers. Oil capacity is identical. Shields 
are quickly removed without disconnecting the 
reducer. (This is important where severe oper- 
ating conditions make periodic cleaning neces- 
sary). The reducer can also be operated without 
fan-cooling just by taking off the fan and shields. 


This simple addition to standard Cone-Drive 
HU speed reducers might be just your answer— 
might save you some money. Write for Cone- 
Drive’s Bulletin CD-218. It will tell you all 
about the full line of Cone-Drive double- 
enveloping worm gear reducers as well as the 
fan-cooled kind. Cone-Drive Gears, Div. 
Michigan Tool Co., 7171 E. McNichols Rd., 
Detroit 12, Mich. 
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Science and Resources 

Subtitle: Prospects and Implications of 
Technological Advance 

Edited by HENRY JARRETT. Johns Hopkins 
Press, Homewood, Baltimore 18. 6V2 x 9%, 
250 pp. $5. 

The last few decades have seen a 
veritable parade of significant discov- 
eries in science and technology. What 
have been the consequences—both 
present and potential—of these ad- 
vances? How will the new triumphs 
of science and technology affect our 
society and the resources on which it 
is based? To try to answer some of 
these questions, Resources for the Fu- 
ture Inc, a private research group sup- 
ported by the Ford Foundation, in- 
vited leading scientists, engineers and 
even some politicians to participate in 
a forum, held early last year. Six areas 
of scientific and technological activity 
were chosen: genetics, weather modifi- 
cation, minerals exploration, chemical 
technology, nuclear energy, and (in- 
evitably) space exploration. 

A natural scientist led off the dis- 
cussion in each category with a review 
of the present state of development 
and a summary of probable future 
trends. Practitioners then explored 
the practical meanings of achievement 
in each field. 

In actuality, the result of all this 
effort is limited to recapitulation of 
what is already known, what is being 
attempted and likely results and ef- 
fects to come. The book rewards the 
reader with useful, informed analyses 
in some cases, such as Nobel Prize- 
winner Beadle’s paper on genetics. 
But the section on space exploration, 
for the most part, contains informa- 
tion familiar to any careful newspaper 


reader. —JK 


Liquid Metals for 
Power Transmission 


ROBERT C KUMPITSCH. PB151876 (WADC 
Technicol Report 57-294, Part II). Available 
from Office of Technical Services, Dept of 
Commerce, Washington 25, DC. 84% x 10%, 
189 pp. $30. 


This report (full title: “Research on 
Liquid Metals as Power Transmission 
Fluids”) summarizes the work con- 
ducted from May 1957 to Sep 1958. 
The behavior of liquid metal NaK-77 
(a eutectic alloy of 23% sodium by 


76 


weight, and 77% potassium by weight) 
as a hydraulic fluid was observed over 
a temperature range of 80 F to 
1000 F and at cyclic pressures of 15 
to 3000 psia. An evaluation was made 
of several bearing and construction 
materials and several types of static 
seals to determine their effectiveness 
in NaK-77 under such conditions of 
operation. Capillary and orifice flow- 
characteristics were obtained with this 
fluid and a correlation was made of 
these test results with the calculated 
results. 


Resistance and Resistors 
CHARLES L WELLARD. McGrow-Hill Book Co 
Inc, 330 W 42nd St, New York 36, 6 x 9, 
264 pp. $8.50. 

A review of the theory of resistance, 
compiled with practical data obtained 
in a survey of the literature of all 
manufacturers makes this book an im- 
mensely practical reference. Many of 
the charts and graphs present informa- 
tion, unavailable in one place before, 
regarding power and voltage ratings of 
resistors, the varieties of material used 
in their construction, and applications. 
Included is a detailed treatment of 
precision films as a replacement for 
wire-wound resistors and information 
on the preparation of precision films 
by pyrolysis, evaporation and the re- 
duction of oxides. 


Oil Hydraulic Power 


WALTER ERNST. McGraw-Hill Book Co Inc, 
330 W 42nd St, New York 36, 6 x 9, 466 
pp. $12.50. 


This second edition of the author’s 
book (full title: “Oil Hydraulic Power 
and Its Industrial Applications’’) tells 
how oil hydraulic power is generated, 
utilized, transmitted, controlled, and 
applied in industry. About half of the 
book covers theory. In addition, each 
stage of the hydraulic system is dis- 
cussed, including the generation of oil 
hydraulic power by all types of rotary 
pumps; its use in rotary and recipro- 
cating motors; its control by suitable 
valves; and its transmission through 
piping, tubing and fittings. Particu- 
lar attention is given to industrial ap- 
plications of oil hydraulic power, 
showing a number of hydraulically 
actuated machines—machine _ tools, 


presses, tracer-controlled machines and 
others. 

In addition to revising facts and il- 
lustrations throughout, this second 
edition includes new material in such 
areas as: petroleum-base and synthetic 
hydraulic fluids; hydrodynamic effects 
in rotating fluids; hydrostatic bearings; 
open- and closed-loop pump control; 
pump noise and vibration; transmis- 
sion of hydraulic power, based on JIC 
standards; directional-valve design; 
gasket-mounted units; component 
standardization; servomechanisms and 
servovalves. 


Modern Electronic 
Components 

G W A DUMMER, Head of Components Re- 
search, Development and Testing af Royal 
Rodar Establishment, Ministry of Supply, United 
Kingdom. 52 x 9, 472 pp. $15. 

In this book (combining best fea 
tures of a textbook and a handbook ) 
the author presents a comprehensive 
survey of the characteristics of the 
more common components, including 
information on their behavior under 
severe environmental conditions. Un 
like any book published before, it dis 
cusses and rediscusses the components 
(resistors, capacitors, wires, sockets, 
relays, switches, inductors, magnetic 
materials, batteries and others) in sev- 
eral contexts. First, a survey of world 
wide component specifications and 
publications; then, color codes; con 
ventional symbols; and design fea- 
tures. The “handbook” portion gives 
elaborate performance tables for all 
known types and variations of the 
components. 

The final chapters discuss future 
developments in component design, 


continued on page 78 
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“Say, Fats, | think you—Yes! Looks like 
you're going to be my new boss, Mr Benson.” 
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6. SO Se Re 


A NEW “ROLL 


P r , : - 


ACIPCO CENTRIFUGALLY SPUN ROLL 
USED IN PRINTING NEW 50-STAR FLAG 


Here is an interesting application for ACIPCO centrifugally spun steel 
tubing. The above view shows an ACIPCO Type 1025 steel roll — 19” 
in diameter and 44” in length — being machined prior to copper plating. 
The roll was subsequently engraved with the 50-star pattern, and then 
utilized for printing multiple reproductions of our new flag on fabric. 


Wherever tubular steel applications exist ...ACIPCO spun steel tubes 
serve. Completely equipped to produce a wide variety of centrifugally 
spun and statically cast products, ACIPCO can serve your requirements 
more efficiently and economically because all its facilities are “under one 
roof.” 


For expert consultation on centrifugally spun tube applications in your 
field ... call on ACIPCO 


KBR TOR 


VERSATILE ACIPCO 
CENTRIFUGALLY SPUN 
STEEL TUBES 


SIZE RANGE 

Lengths up to 40 feet have been pro- 
duced to meet modern machinery re- 
quirements. O.D.’s from 2.25” to 50%; 
wall thicknesses from .25" to 4”. 
ANALYSES 

All alloy grades in steel and cast iron, 
including heat and corrosion resistant? 
stainless steel, plain carbon steel and 
special non-standard analyses. 
FURNISHED 

As cast, rough machined, or finish 
machined, including honing. Complete 
welding and machine shop facilities for 
fabrication. 

Write for free illustrated catalog. 


/\GEPCO 


SPECIAL PRODUCTS 


, BIRMINGHAM +» ALABAMA 


oe AMERICAN CAST IRON PIPE CO. 
“4 
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DESIGN LITERATURE continued 
operation at high temperatures, short 
life ratings and performance in the 
tropics, arctic and antarctic. Covered 
transistor-circuit (miniature) 
components; components in printed 


also are 


wiring; effects of casting resins, nu 
clear radiation, vibration, shock, and 
iltitudes; reliability; failures 
may occur; testing; and packaging. 


which 


ABSTRACTS 
FROM THE LITERATURE 


The Bending Strength of 
Gear Teeth 

Presents a study of the bending 
strength of gear teeth based on a 
cantilever-plate approach. Semi-em- 
pirical solution is given for finite 
cantilever plate under transverse loads 
at any location on its surface. Solu- 
tion is said to have showed good agree 
ment with results from strain-gage in 
vestigations of such plates simulating 
gear teeth. Effects of the position of 
the line load and the variation of load 
intensity on stress distribution at a 
root are discussed. 
“Bending Strength of Gear Teeth by Can- 
tilever Plate Theory,” Wellaver and Seireg, 


Falk Corp; ASME paper 59-A-50. ASME, 29 
W 39th St, New York 18. 


Systematic Evaluation of 
Fatigue 

Various fatigue phenomena are de- 
scribed in quantitative terms and rela 
tionships among them are analyzed 
in this attempt to achieve a systematic 
approach to this problem. Criteria and 
procedures presented are intended 
only as a reference framework within 
which fatigue tests and monitoring in 
service can be conducted and evalu- 
ated. Discusses a device for monitor 
ing fatigue accumulation of in-service 
structure. 
“Quantitative and Systematic Attack on 


Fatigue,” Emory T. Haire, Martin Co; ASTM 
paper 70. ASTM, 1916 Race St, Philadelphia 3. 


Data and Common Sense 

The authors tell how soundly 
achieved statistical inferences can but- 
tress intuition and common sense so 
that useful initial assumptions within 
the rigo-s of good engineering prac- 
tice can be made with some assurance. 
Includes a discussion of such elements 
of statistical practice as_ statistical 
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models, dimensioning, dispersion ef 
fects. Describes the role of signif- 
cant variables, particularly in relation 
to human-factors engineering. 

“How C is C Sense?”. Flatow 
(NYU) and Weeks (Gene Weeks and Assoc); 


ASME paper 59-A-258. ASME, 29 W 39th St, 
New York 18. 





Evaluating Reinforcements for 
Plastics 

Need for further standardization 
in fabrication and testing of reinforced 
plastics for specification purposes is 
discussed. Describes several controlled 
variables and some indeterminate fac- 
tors which affect the final strength of 
laminates. Data 
Naval Ordnance 
tories. 


is presented from 
and other labora- 


“Problems in Evaluating Reinforcements,” 
Erickson, Silver and Perry, U S$ Naval 
Ordinance Laboratory. ASTM, 1916 Race St, 
Philadelphia 3. 


Hydrostatic Thrust Bearings 
Based on a theoretical and experi- 
mental analysis of two types (circular 
step and circular annular) of hydro- 
static thrust bearings, design equa 
tions are given for load-carrying ca 
pacity, stiffness, flow for three types of 
flow restriction: orifice, capillary, con 
stant flow. 
“Theoretical and Experimental Analysis of 
Hydrostatic Thrust Bearings,” Elwell and Stern- 


licht, General Electric Co; ASME paper 
59-A-152. ASME, 29 W 39th St, New York 18. 


Gear-position Error 

Recently, requirements for preci 
sion in such aspects of gear perform- 
ance as control of angular position has 
revealed shortcomings in current 
terminology, specifications procedure, 
and inspection techniques. This paper 
discusses nature of position error and 
total composite error, their relative 
limitations and applications. Informa- 
tion is included on equating position 
and total composite error, and specifi- 
cation procedures for high-precision 
gears. 
“Geor-position Error Control,’ George W. 
Michalec, General Precision Laboratory Inc; 


ASME paper 59-A-21. ASME, 29 W 39th St. 
New York 18. 


Thermal Instability in 
High-speed Gearing 

A theory of thermal instability is 
developed which takes into account 
tendency of effects to be regenerative, 
and which provides an explanation 


for several previously unexplained 
cases of tooth failure in highspeed, 
reduction gearing 


Includes experimental verification and 


high-horsepower 


describes some of the means of avoid 
ing thermal instability. 

“Thermal Instability of High-speed Gearing,” 
Welch and Boron, Westinghouse Electric Corp; 


ASME paper 59-A-118. ASME, 29 W 39th St, 
New York 18. 


Administering R & D 

Methods for improving results ob 
tained from research and development 
programs are discussed. Includes such 
aspects as planning, operations, meas- 
urement and analysis of progress budg- 
eting and finances. 
“The Administration of Research and De- 
velopment Projects,” Howard L. Mills, General 


Electric Co; ASME paper 5%-A-246. ASME, 
29 W 39th St, New York 18. 


Welding Nickel Alloys 


Covers fusion and resistance weld- 
ing of the more familiar age-harden- 
able wrought alloys. Based on mate- 
rials obtained from files of Defense 
Metals Information Center at Battelle 
Memorial Institute. Includes bibliog- 
raphy 
‘The Welding of Wrought Age-hardenable 
Nickel-base Alloys for Service at Elevated 
Temperatures,’ DMIC Memorandum 38; De- 


fense Metals Information Center, Battelle 
Memorial Institute, Columbus 1, Ohio. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be 
low, circle corresponding number on post- 
ecard inside back cover For those catalogs 
and bulletins available only when requested 
on mpany letterhead, see page 80 


MERCURY - SWITCH - EQUIPPED 
CONTROLS—Catalog 860, 56 pp. De 
scribes and illustrates automatic controls 
for pressure, temperature, liquid level and 
mechanical movement. Also transformer 
hermetically sealed mercury 
switches. With specifications and ratings 
Mercoid Corp, 4201 Belmont Ave, Chi 
cago 4] 

Circle 341 on Reader Service Card 


relays and 


STAINLESS STEEL TUBING—Booklet, 
34 pp. Sizes, grades, design information, 
and performance information on welded 
and seamless stainless steel tubing. Alle 
gheny Ludlum Steel Corp, Oliver Bldg, 


Pittsburgh 22 
Circle 342 on Reader Service Card 


HYDRAULIC PUMPS AND CON. 
TROLS—Bulletin 220, 72 pp. Design 
information and operating characteristics 


continued on page 80 


PRODUCT ENGINEERING - FEBRUARY 22, 1960 





QUICK 


CHART Some unique combinations of 


electrical and physical properties in Anaconda metals 


that may save you money—handle tough jobs better 





Properties shown for 
precip 
eondith Heat-treatabl 


alloys 








Chromium 

Copper-999 

(Cu 99.05%, Cr 85%, 
Si .10%) 


Leaded 

Nickel 

Copper-831 

(Cu 97.8%, Pb 1.0%, 
Ni 1.0%, P .2%) 


Cunisil-837 
(Cu 97.5%, Ni 1.9% 
Si .6%) 











ELONGA- 
TION 
% in 2 in. 
or 4xD 











To give you a basis of comparison, here are properties of 


two standard Anaconda electrical coppers 





ETP Copper—100 
(Cu 99.9+%) 


Leaded Copper—126 
(Cu 99.0%, Pb 1.0%) 








The values given above are intended as a guide to 
some unusual combinations of electrical and physi- 
cal properties available among Anaconda alloys. If 
any of them gives you an idea for possible solution to 


COPPER + BRASS + BRONZE « NICKEL 
SILVER MILL PRODUCTS 


' f c) 1) if yy 


PRODUCTS 


Made by The American Brass Company 
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a tough problem or indicates a way to cut costs with- 
out sacrificing quality or performance — see your 
American Brass representative for more details. Or 
send in this coupon today. 


5969 





The American Brass Co., Waterbury 20, Conn. 

in Canada: Anaconda American Brass Ltd., New Toronto, Ont. 
Please send me more information about the following alloys 

(C Chromium Copper—999 () Leaded Nickel Copper—831 


[) Cunisii—837 (0 Leaded Coppers 
(1 Electrolytic Tough Pitch Copper—100 
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DESIGN LITERATURE . continued 
of hydraulic pumps, fluid motors and 
valves. With cutaway illustrations. Deni 
son Engineering Div, American Brake 
Shoe Co, 1160 Dublin Rd, Columbus, 
Ohio 

Circle 343 on Reader Service Card 


ELECTROFORMING APPLICATIONS 
Manual, 32 pp. Discusses electroform 
ing process, uses, and design con 
Includes test results and 
performance charts. Allied Research & En 
gineering Div, Allied Record Mfg Co, 
6916 Santa Monica Blvd, Los Angeles 38 
Circle 344 on Reader Service Card 


siderations 


TOGGLE SWITCHES—Catalog 73d, 32 
pp. Covers high-performance _ toggle 
switches and toggle switch assemblies. In 
cludes descriptions, photos, diagrams, di 
mensional drawings and specification ta 
bles. Micro Switch, Freeport, Ill. 

Circle 345 on Reader Service Card 


6-CYL DIESEL ENGINE—Catalog CR 
607-1, 16 pp. Specifications, ratings and 
design information on engine, which is 
available in turbocharged or naturally 
aspirated models. International Harvester 
Co, 180 N Michigan Ave, Chicago 1. 
Circle 346 on Reader Service Card 


CAST-ALUMINUM _  EXPLOSION- 
PROOF HOUSINGS—Bulletin 160, 16 
pp. Presents explosionproof design infor- 
mation, drawing, photos and dimension 
charts for housing line suitable for explo 
sionproof and weatherproof applications. 
Adalet Mfg Co, 14300 Lorain Ave, Cleve 
land 11. 

Circle 347 on Reader Service Card 


INDUSTRIAL LAMINATES — Bulletin 
L-CDL-494, 16 pp. Lists applications, 
special features, characteristics and sizes 
available in over 50 grades. Covers lami- 
nated plastic sheets, tubes and rods. Gen- 
eral Electric Co, Laminated Products 
Dept, Coshocton, Ohio. 

Circle 348 on Reader Service Card 


OPTICAL EQUIPMENT—Catalog 599, 
128 pp. General listing of over 1000 
optical, scientific and mathematical prod 
ucts; with descriptions, specifications, per- 
formance information and prices. Edmund 
Scientific Co, Barrington, NJ. 

Circle 349 on Reader Service Card 


VARIABLE-SPEED PULLEYS — Bro- 
chure 701, 4 pp. Contains selection and 
operating information, specifications, rat- 
ings, and typical applications for various 
sizes and models of variable-speed pulleys 
and related equipment. Lovejoy Flexible 
Coupling Co, 4906H W Lake St, Chicago 
44. 

Circle 350 on Reader Service Card 


MANUALLY OPERATED 4-WAY 
VALVES—Data sheets, Series 9186, 12 pp 
Operation diagrams, parts drawings and 
mounting diagrams, as well as spool charts 
for manually operated, 4-way directional 
valves, 4 through 2 in. in 3 body styles 
Double A Products Co, Sub of Brown & 
Sharpe Mfg Co, Manchester, Mich. 

Circle 351 on Reader Service Card 


INDUSTRIAL CASTERS—Form 8159, 
+ pp. Includes illustrations, descriptions 
and specifications on 24 series of swivel- 
plate and rigid-plate truck casters for light 
to heavy-duty uses. Eight types of wheels 
available on casters are pictured. Faultless 
Caster Corp, Dept PR-164, Evansville 7 
Ind 
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MINIATURE AND SUBMINIATURE 
CONNECTORS—Engineering guide, 4 
pp. Describes and illustrates miniature 
and subminiature connectors, including ap- 
propriate hardware and accessories. 
Schweber Electronics, 60 Herricks Rd, 
Mineola, NY. 

Circle 353 on Reader Service Card 


CIRCUIT BREAKERS—Catalog 1960, 
60 pp. Three main sections provide infor 
mation on molded-case circuit breakers; 
individually enclosed, low-voltage power 
circuit breakers, and engineered products, 
designed for industrial-plant anc commer 
cial-building electrical-distribution systems. 
I-T-E Circuit Breaker Co, 1900 Hamilton 
St, Philadelphia 30. 

Circle 354 on Reader Service Card 


SIZING STEAM TRAPS—Chart, § pp. 
Direct-reading chart selects proper trap 
number, orifice size and piping connec- 
tion. Covers high-pressure cast iron, steel 
and brass steam traps for up to 1000 psi 
and to 850 F. Clark Mfg Co, 1830 E 
38th St, Cleveland 14, 

Circle 355 on Reader Service Card 


RETAINER BEARING — Data sheet 
W-1, 4 pp. Presents information on per 
formance, ratings, dimensions, calibration 
and radial play. Barden Corp, Danbury, 
Conn. 


Circle 356 on Reader Service Card 


FLEXIBLE-METAL CONNECTORS— 
Catalog sheet, 1 p. Specifications, sizes 
and ratings cf connectors suitable for 
pump installations, hot water systems and 
steam systems where thermal expansion 
and vibration are problems. Pennsylvania 
Flexible Metallic Tubing Co, 7200 Powers 
Lane, Philadelphia. 

Circle 357 on Reader Service Card 


SELF-LOCKING ALUMINUM NUT— 
Bulletins 3002 and 3003, 1 p each. Speci 
fications, characteristics and dimensions of 
coarse and fine thread series, respectively. 
High-strength nut incorporates spring-tem 


per stainless wire form in aluminum body. 
Waltham Precision Instrument Co, 221 
Crescent St, Waltham 54, Mass. 
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HEAVY-DUTY SYNCHRONOUS MO. 
TORS—Leaflet 1100-PRD-252, 2 pp. De 
scribes bracket-bearing synchronous motors 
rated 60 hp and up, at 500 to 1800 rpm 
Typical enclosures are shown. Electric 
Machinery Mfg Co, Minneapolis 13. 
Circle 359 on Reader Service Card 


SEQUENCE CONTROLLER — Bulletin 
SC-500, 2 pp. Outlines advantages of pre 
determined electrical control for 2 to 12 
circuits. Tlustrates switching sequences. 
Warco Industries, 6625 Delmar Blvd, 
St Louis 30 


Circle 360 on Reader Service Card 


VERTICAL MAGNETIC DRIVES — 
Bulletin 4400-PRD-252, 2 pp. Contains 
selection charts, specifications and cutaway 
construction view of variable-speed mag 
netic drives for pump applications. Electric 
Machinery Mfg Co, Minneapolis 13. 
Circle 361 on Reader Service Car. 


LETTERHEAD REQUESTS ONLY 


Manufacturers who published following 
literature asked that requests for copies be 
made on company letterheads. 


CONTROLLED CASTINGS — Bulletin 
32, 4 pp. Summarizes properties of var 
ious types of castings available. Meehan 
ite Metal Corp, 714 North Ave, New 
Rochelle, NY. 


RIVETING ALUMINUM-—Booklet, 52 
pp. Covers use of conventional and spe- 
cial rivets and explains design and fabri 
cation of riveted joints. Tables list weights 
and dimensions of aluminum rivets, rec 
ommended lengths and mechanical prop 
erties of wrought aluminum alloys. Reyn 
olds Metals Co, Dept PRD-23, Rich 


mond 18, Va 








"If this seems more work than you can 
handle, let me know and I'll replace you.” 
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CHOOSE THE GASKET 
FOR THE JOB 


Garlock can furnish an extensive line 
of gasketing materials to meet a wide 
range of service conditions. Specify 
GASKETS your sheet or cut gaskets from the 
following: GARLOCK 7021 synthetic 
: ° rubber and long fibre asbestos, supe- 
in Design rior for hot oil service at 700° YP, 
: : GARLOCK 7228 high quality neo- 
Engineering prene and long fibre asbestos, for 
gasoline, naphtha, benzine and other 
hazardous liquids and solvents, tem- 
perature to 300° F; GARLOCK 8748 
Buna-N binder and long fibre asbestos, 
an outstanding gasketing material for 
carburetor service, temperatures to 
500° F; GARLOCK 7705 synthetic 
rubber with blue African asbestos 
fibre, excellent against hot and cold 
mineral acid; GARLOCK 900 long 
fibre asbestos with synthetic binder, 
for service against steam, gas, air, 
temperatures to 700° F; GARLOCK 
7772, long fibre asbestos with syn- 
thetic binder, white in color, for serv- 
ice in chemical and petrochemical 
process equipment where leeching is a 
problem, temperatures to 700° F. 
Other gasketing materials available to 
meet your specific requirements. 


For corrosives at extreme temperatures, 
Garlock offers Tefion* gaskets in a 
variety of styles. SOLID TEFLON 
GASKETS for use on A.S.A. metal- 
to-metal flanges are chemically inert, 
tough, non-adhesive at temperatures 


from —110° F to +500° F. Furnished 
in ring or full face sizes for all standard 
pipe sizes from 1” to 12”. Will with- 
stand pressures up to 300 psi. TEF- 
LON-JACKETED GASKETS offer 
the advantage of using Teflon without 
sacrificing resiliency and deforma- 
bility. Applied widely to glass-lined 
process equipment, light metal flanges, 

High temperature gaskets come in sheet form (upper left) or cut glass pipe flanges and httings. Fillers 

(upper right); Teflon gaskets are available solid (lower left) or are available in all types of gasketing 

jacketed (lower right). materials. SPECIAL TEFLON GAS- 
KETS of all shapes can be furnished 
to your drawing or template. Catalog 
AD-154. 


GA RLOC HK 


Discuss gasketing with your local 
Garlock representative. You'll find 
him at the nearest of Garlock’s 26 
sales offices and warehouses through- 
out the United States and Canada. 
Or, write The Garlock Packing Com- 
pany, Palmyra, N. Y. 

Canadian Div.: The Garlock Packing 
Company of Canada, Ltd. 

Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 


*DuPont Trademark for TFE Fiuvorocarbon Resin 
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JUST 
OFF 
THE 

PRESS 


GET YOUR COMPLETELY NEW | 
SOURCE BOOK ON INDIUM 





The MAGICAL 49th Element 





PARTIAL LIST 
OF CONTENTS 


® Discovery, Occurrence, 
Detection, Estimation and 
Extraction of Indium. 
@ Physical Properties of Indium 
table of Physical 
Constants 
Atomic Diameters of 
Metallic Elements 
Constitution of Indium Alloy 
Systems 
Binary Systems 
Ternary Systems 
Quaternary Systems 
Quinary Systems 
Phase Diagrams 
Low Melting Solders 
Bearing and Brazing Alloys 
Metallography of Alloys 
INDALLOY Intermediate 
Solders 
Nomographic Charts of 
Pellets and Spheres 
Chemical Properties and 
Compounds of Indium 
Electrochemical Prperties 
Electrochemical Methods 
of Analysis 
Physical Constants of 
Inorganic Compounds 
Indium Plating, Stripping, 
Recovery 


Plus... 
ANNOTATED 
BIBLIOGRAPHY 


reporting concisely on all writ- 
ings about Indium properly in- 
dexed and sectionalized for 
reference 





Please send free bulletin and further information on your new book 


Indium 
Please send me immediately 
at $19.00 per copy 
Nome 
Title 
Address 


City and Sta 


copy(s) of your new book priced 


| 

| 

| © CHECK ENCLOSED C BILL MY FIRM 
l 

| 

| 

| 


This new reference book 
on Indium will find its 
place in hundreds of uni- 
versity and technical 
libraries in many coun- 
tries. It will be a worthy 
companion to research- 
minded engineers... 
everywhere! 
® 770 fact-filled pages 
® 91 photos and 
drawings 
® 3 years of editing 
In 1950, we published the 
first edition of “Indium” 
which has been out of 
print for some time. This 
is a completely new edi- 
tion . . . almost 500 more 
pages than the first! It will 
make a handy addition to 
your reference shelf. 


SINCE 1934 


Pioneers in the 
Development and 
Applications of 
Indium for Industry 


je MAIL COUPON TODAY 


THE I N D I U M CORPORATION OF AMERICA 


1476 LINCOLN AVENUE © UTICA, NEW YORK 


SEND C.O.D 


| 
| 
| 
! 
| 
| 
I 
| 
| 
| 
| 
| 
| 
| 
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HEATING ELEMENTS 


Any Size— Any Shape 
—LlLight Weight, Tough, 
Flexible. Operate under 
High Pneumatic Pres- 
sure. Resist corrosion. 
Immersible. Insulated 

with Silicone Rubber, @ 
Neoprene. Meet USAF } 


Specs. 


Write or call— 


Electro-Flex Heat, Inc. 


83 WOODBINE ST., HARTFORD 3, CONN. (CHapel 6-5413) 


Send for your catalog of 
standard heating elements, today! 
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Get the greatest benefit 
from Product Engineering 
by having your own sub- 


scription. 

Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 


card in back of this issue or write 
direct to: 


Circulation Manager 


Product Engineering 


23rd Floor 
330 W. 42nd St. 
New York 36, N_Y. 
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Is Anything Wrong with Engineering Education? 


lhree decades ago, engineering educa 
tion was concerned heavily with 
“laboratory” courses which gave the 
student empirical knowledge of the 
familiar shop processes—pattern-mak 
ing, casting, forging, welding, machin- 
ing, heat-treating. In a sense, the 
embryo engineer recapitulated in con 
densed form all the steps that were 
taken by the empirical engineer of the 
century before. 

Now all that has been changed. Re 
cent generations of engineers have 
only abbreviated and survey shop 
courses, unless they specialize in pro 
duction engineering, and more theo- 
retical courses in the sciences and even 
the humanities have been substituted. 
Indeed, in some engineering colleges, 
there are practically no facilities for 
shop courses. Even so, educators pro- 
test that four years are not enough for 
the basic courses which should be pro- 
vided, particularly when the first year 
must at least in part be devoted to 
filling in gaps in high school prepara- 
tion and equalizing student capacity 
to accept higher learning. 

Some engineering colleges have cur 
ricula and course content oriented to- 
ward research, some toward design, 
some toward production. Some are en 
gaged essentially in turning out gradu 
ates, others in preparing their gradu 
ates to go on for advanced degrees 
Some tend to orient A-grade students 
toward advanced degrees and research 
careers, lower-grade students toward 
production, sales and management. An 
increasing number feel that the rise of 
the technician and the specialist, the 
scientist, physicist and mathematician, 
the school-trained manager and execu 
tive leave to the engineer only the 
design function, so that this function 
should be emphasized in curricula. 

Hardly any succeed in overcoming 
the fallacious American belief that 
commencement marks the end, rather 
than the beginning, of the educational 
process. It seems almost impossible 
to convince the average American that 
a sheepskin isn’t a certificate of com- 
pletion but merely an admission ticket 
to the halls of learning. 

Coupled with all this is the engi- 


neer’s desire and right to be a profes 
sional. He recognizes the need for 
certain specialized attitudes and 
knowledge that would enhance his 
professional status, but isn’t quite sure 
how it is attained. Too often, his 
superior in industry has no feeling for 
or consciousness of this need for pro 
fessional stature, so neither provides 
for nor encourages it. The employing 
company places no value on a profes- 
sional license, or participation in activi- 
ties of technical committees or pro 
fessional societies, on preparation and 
presentation of technical papers and 
articles, or on attendance at national 
meetings. Thus, even if the engineer 
has a desire to continue the learning 
process, his superiors may discourage 
it. 

All these influences, working to 
gether, tend to create a dissatisfaction 
in the engineer's mind with the par 
ticular curriculum to which he was 
exposed. Former Dean J. W. Barker 
of Columbia, some years ago, defined 
this dissatisfaction as a four-phase 
one: 

1. One to five years after commence- 
ment: College courses should include 
more practical courses like drafting, 
programming, shop work. (These are 
needed for the new engineer to solve 
practical problems in industry.) 

2. Five to 15 years: More mathe- 
matics, physics, chemistry, engineering 
sciences. (Problems now involve more 
science and engineering. ) 

3. Fifteen to 25 years: More courses 
in organization, public speaking, 
finance, labor relations, budgeting, 
and such personal things as stocks and 
bonds, insurance, and retirement pro 


grams. (The drift to management and 
administration. 

4. Over 25 years: More courses in 
fine arts, literature, music drama, for 
eign cultures, languages. (Now we 
have the mature man, traveling, mect 
ing contemporaries from other coun 
tries and other lines of endeavor. ) 

Obviously, no college could meet all 
these needs in a 4-year or 5-year course. 
It would seem to call for a faculty 
combining such men as James Bryce, 
Arnold Toynbee and William James. 
Yet Toynbee, for one, in his “A Study 
of History,” never mentions Coperni 
cus, Galileo, Descartes and Newton 
men whom we engineers think made 
considerable history. Thus, were such 
an “ideal” faculty assembled, the stu- 
dent would be faced with the almost 
impossible task of putting “together 
in his mind what the faculty cannot 
accomplish in theirs.” 

Thus we arrive at the tentative con 
clusion that colleges cannot educate 
us, we don’t do it ourselves, and B 
schools have tended to fail at it. Then 
how is it to be done? If educators 
can’t figure it out, it’s certain that we 
cannot. Engineers, businessmen, doc 
tors, lawyers—practitioners of any pro 
fession—are not good teachers usually, 
and are not too much concerned with 
teaching. The educators will have to 
pioneer. But we, individually, will 
have to build our own full education 
upon the groundwork and basis they 
can give us. It is up to each .nan- 
professional or layman—to determine 
for himself what additional education 
he needs. As in that age-old remark 
about music: “I don’t understand it, 
but I know what I like.” The un- 
thinking will continue to criticize— 
but the thinking will do their own 
educating, and accept any advances 
the educators make in improving their 
product, as they must accept the im- 
provements we make in ours. 

And we'd both better be making 
"em EJT 
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Single Turn Back-up RINGS... 


ALL THE NEW MILITARY SIZES — 
MS-28774, MS-28777 and MS-9058. 
Accurately machined to assure you the fullest utility 
range and life of your equipment. 


Only HALOGEN offers “MEMORIZED” 


TEFLON 


Halogen cylinder 
packing is known 
for operating success- 
fully and efficiently 
over the widest 
temperature and 
pressure ranges. . . 
because they are 
“MEMORIZED”. 


This is an EXCLUSIVE 
process which makes 
the packing lip 
“remember” the size 
of the rod or cyl- 
inder . . . and keeps 
it in sealing position, 
regardless of temp- 
erature variations. 


Send your prints for 
assembly details 
and find out about 
FIELD PROVEN 
AND ENGINEERED 
“TEFLON by 
HALOGEN.” 


HALOGEN 


INSULATOR & SEAL CORP 


e 


84 
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Complietely assembled, 
installed in 5 seconds. Latch 
slips through hole, ring is snapped 
on. 4 turn to operate. Spring ten- 
sion eliminates noise transmission 
and vibration. Simple hole prepa- 
ration. Eliminates riveting, screws, 
spot welding. Inexpensive. 

Write for circular 


APPLICATION 


On completion 
of installation, 
ring held flat by 
feet extending 
beyond pivotal 
J plane of ring. 


Ring held 
firmly upright 
by spring 

.._ tension on 

—~, feet extending 

)}- into latch 

mounting cut- 
out preparatory 
to installing 
panel or door. 


eeeeeeeeeeee 


sumo MONADNOCK MILLS 


Noe [SAN LEANDRO, CALIFORNIA 
” 


= SUBSIDIARY OF 


Pp ~ 
SOnvue UNITEOD-CARR FASTENER CORP BOSTON. MASS 


»FFICES. ATLANTA, BOSTON, CHICAGO, CLEVELAND, DALLAS 
DETROIT. LOS ANGELES NEW YORK PHILADELPHIA Ssvracusr 
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USE 
THE 
READERS 
SERVICE 
CARD 


for: 
additional product 
information 


copies of catalogs 


& bulletins 
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As long as the supply lasts, readers 
in US and Canada can secure one copy 
of “P” lettered reprints, without 
charge, by using one of the Reader 
Service cards bound inside the back 
cover. Note that the card must be used 
within 60 days of publication date. 


7 Steps to Better Ora! Reporting. .P 42 
How to Design Against Tampering P 3S 
Selecting Change Gears 32 
Comparing Test Results. 31 
High-temp Spring Material 30 
When Fungi Attack Your Product.P 29 
Fluids for Power and Control. 28 
Freqency of Stepped Shafts 27 
Cam Controls Aids Planetary Gear P 26 
Reserve Strength in Metal Parts.P 25 
Multi-Variable Experiments 24 
Engineering-aptitude Tests . 23 
High-temp Reinforced Plastics...P 22 
Mechanical Reliability 21 
Reinforced-plastic Springs 20 
Latest Trend in Bolt Threads 19 
Controlling Gear Backlash 18 
Pneumatic Pressure Drops 17 
Yardsticks for Research Success 16 
Better Engineering Writing 15 


VUVVUV VU VV VV VV VV HV 


QUANTITY PRICES 

For single 
title 
panied by remittance, 


shipments of any one 
to one address on order accom 
quantity orders 
will be supplied as long as the supply 
lasts 
Quantity Price per Copy 
5 $0.25 
25 0.20 
50 0.15 
100 Write for quotation 
Make to PRODUCT 
ENGINERING, 330 West 42nd St., 
New York City 36, NY 


checks payable 


SPECIAL REPORTS 


Here is a list of special reports still 
available. You may obtain any four for 
$1 by writing Reader Service Dept, 
PRODUCT ENGINEERING, 330 W 42 
St, New York 36. Please enclose remit 
with order; we 


tance pay postage. 


Wet Slurry Process 

Wet-cell Batteries for Power 
Societies Offering Standards. . 
Sprayed Reinforced Plastics 
Dimensional Analysis 
Damping Tapes ... 

Molded Reinforced Plastics 
NOR Block for Logic Circuits 
Design of External Shoe Brakes. 
Selecting Electrical Connectors 
Engineering Organization . 
The Engineer’s Bookshelf 


nmmmmamamamamane 
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braking 
systems! 


Hytrol Anti-Skid Braking Systems, 
@ development of Hydro-Aire 
Company, are widely used on 
fighters, bombers, commercial 
transports and surface vehicles. 
Self-lubricating Morganite 
components are employed in 
these systems because of their 
smooth-functioning, reliable 
performance. Another example 
of Morganite’s ability to meet 
today’s critical requirements. 


























Designers/Engineers! 


Make it Morganite...the material of a thousand applications. 
Morganite is universally specified for extra reliability in seals, bearings, 
contacts, pump vanes, meter valves and vital military applications. 
It functions with high efficiency in corrosives, oil, grease and grit... 


at high temperatures and under high pressures. 
| SELF- CLP ANORICAT INS 


JET ENGINE 
PUMP VANE 


WET OR DRY PUMP 
SEAL/BEARING 


—_ pa — pa 





Request data and recommendations on your design requirements — 


. FOR OVER HALF A CENTURY 
INCORPORATED 
““ 3306 48th Ave., Long Isiand City 1, New York 
In Canada: Morganite Canada Ltd., Toronto 


‘or and Generator ——. 


rers of Fine Carbon Graphite Products ~ ram Mechanical Carbons, M oe . 2, Conan 
99.7% Ten Al Tubes and Crucibies 


Manufactu 
Piles, Current Collectors and Electrical Contacts istributors of 


CIRCLE 85 ON READER SERVICE CARD 85 





SEARCHLIGHT 
SECTION 





PRODUCT DESIGN SECTION 
SUPERVISOR 


One of ovr youngest and fastest 
growing product divisions has an 
excellent opportunity for a graduate 
menchanical engineer with a mini- 
mum of eight years experience in 
Electro-Mechanical Product Design. 
You must be capable of directing 
more than one major preject at a 
time. 

Location in Minnesota provides easy 
access to the nation’s outstanding 
hunting, fishing and vacation areas. 
Initional salary based on education 
and experience. Advancement bosed 
on individual merit. 

if you enjoy challenging work 
and are willing to assume individual 
technical responsibility send a 
resume to: 


Burton C. Baker 
Technical Employment Manager 
MINNESOTA MINING & MANUFACTURING CO 
900 Bush Avenue 
St. Pavl 6, Minnesota 








MECHANICAL 
RESEARCH ENGINEER 


UNUSUAL OPPORTUNITY 
WITH OUTSTANDING GROWTH 
COMPANY 


We are looking for a man with proven 
research ability. Our Company is a 
leader in the industry. If you have an 
M.S. or Ph.D. and are looking for a 
chance to pursue research activities of 
a considerable complexity, we invite 
you to submit a resume to: 


J. &. Class 

The Powers Regulator Company 
3400 Oakton Street 

Skokie, Illinois 


We offer a program of full fringe benefits 
with profit sharing and excellent career 
opportunities. 











_ PROFESSIONAL 
| SERVICES 


L pinpliecigeniaheenmnte 











RELIABILITY EVALUATION 
AND IMPROVEMENT 


+ Practioa!l applications of advanced techniques in 
istical Methods for Engineering, Research and 
Development and Manu 
RATH & STRONG, INC. 


Industrial Consultants 
140 Federal St., Boston 10, Mass. 
Liberty 2-6658 




















INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








After reading the advertisements classified below 


MORB DETAILED INFORMATION about 


these products can be obtained by using the READER SERVICE CARD 


Bars 
Metal 
Bearings 
Ball 
Needle 
Roller 
Brass 
Brazing 
Brazing 
Alloys 
Bronze 


Carbide Alloys ss 
Carbon ‘ oe 
Carbon Parts ee ee 
Compressors 2nd Cover 
Controls 

Electrical . oo a 69 

Hydraulic i 
Copper & Copper Alloys : ee 


Die Castings . 
Drives 
Mechanical 


Engines 


F 


Fabricated Plastics (see Plastics, 
Fabricated) 

Fastening Methods 

Fibre . ‘ ‘ ewe 

Fittings, Hose, Pipe & Tube... 

Flux 


Gaskets 
Gears 
Glass 


Heating Units 
Hose & Tubing 


Indium 


L 


Laminated Plastics (see Plastics, 
Laminated) 

Latches 

Lubricating Equipment 


M 


Moldings 
Plastics (see Plastic Parts) 
Rubber (see Rubber Parts) 
Motors, A-C 
Fractional 
ntegral 
Motors, D-C 
Fractional .4th Cover 
Integral ; 4th Cover 
Motors, Hydraulic : soe 73 


4th Cover 
4th Cover 


Nickel Alloys 


Packings 
Pillow Blocks 
Plastic Parts 
Plastics 
Piastics Fabricated 
Plastics Laminated 
Pumps 

Liquid 


Regulators 
Pneumatic 

Rubber 

Rubber Parts 


Seals 3rd Cover, 
Sheets 
Metal 
Speciaity Fasteners (Pipe Hangers, 
Special Cold Headed Parts, etc.) 
Speed Increasers & Reducers 6, 
Steel 
Alloy 
Stainiess .. 
Strip, Metallic 


-22-23, 26-27, 
.2, 13, 22-23, 26- 


Thermostats 
Timers 
Timing Motors 
Tube Fabricating 
Tubes 
Tubing 

Seamiess 


Valves 
Hydraulic 
Solenoid 


Wheels 
Wire ° 
Wire Cloth 
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INDEX TO 
ADVERTISERS 


This indew publighed as a convenience to the readers. Bvery care is taken to make it accurate bu! 
PRODUCT ENGINEERING cesnmes no responsibilities for errors or omissions 


A 


Aeroquip Corp 

American Brass Co. 
American Cast Iron Pipe Co 
Armco Steel Corp 


Biack Tool, Inc 


c 


Cone-Drive Gears Div., 
Tool Co. 

Continental-Diamond Fibre Co., 
Subs., Budd Co 

Cramer Controls Corp 


Michigan 


D 


Denison Engineering Div., 
American Brake Shoe Co 

au Pont de Nemours & Co.., (inc.) 
E. |., Elastomer Chemicals Dept 


Electric Wheel Co., Div. of 
Firestone Tire & Rubber Co 

Electro—Fiex Heat, Inc 

Emerson Electric Mfg. Co 


F 


Ford Motor Co., industrial Engine 
Dept. 
Formica Corp., Subs., 


American Cyanamid Co 


G 


Gamble Brothers, Inc 
Garlock Packing Co 
Gleason Works 

Gries Reproducer Corp 


H 


Halogen insulator & Scai Corp 
Handy & Harman 
indium Corp. of America 


4 


Jones & Laughiin Stee! Corp., 
Stainiess & Strip Div 


La Salle Steel Co 
Link-.Belt Co. 


M 


Michigan Tool Co., 
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How hard do gt? 
Y 
you have to g%< 
work to make 
good luck 


‘just happen’’? 





Parm Pritchard was just promoted 


| New production boss. “I just got 


he says. 
He worked 


he discovered 


Don’t you believe it! 


from the day 


his interests, his fu- 
ture. He read it avidly. 

Parm had his eye on manage- 
ment. Management had its eye on 
him. And when a man’s interests, 


and a company’s interests come 
this close together, something good 


And did! 
As a reader of this specialized 


is bound to happen. 
McGraw-Hill publication, tap its 
resources deeply. And after you’ve 
really dog-eared this issue .. . please 
pass it on to the man you'd like to 
have get your job, when you’re pro- 
moted. Open it to this page . . 


Men who read more...earn more! 
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Whatever kind of timing control you need, 
Cramer is most likely to have it 
... IN 43 LOCAL DISTRIBUTOR STOCKS 


For sheer variety of time-control devices, the Cramer 
line is unmatched. So, next time you’re faced with a 
problem of accurate timing control, remember that 
Cramer most likely has the answer already in stock. 
Usually you'll find that your local Cramer distributor 
can take it right off the shelf. And in exceptional cases, 
he can get it from the factory in a matter of hours. 


Every Cramer product is the result of advanced 
design and rigid quality control in manufacture. Over 
the years, each type has been developed to meet ex- 


ELECTROMECHANICAL DIVISION 
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acting requirements, as industry’s needs progressed. 
Today, the “classics” among them are giving trouble- 
free performance in countless applications all over 
the world, while models of more recent design neatly 
handle jobs that hadn’t been thought of a year ago. 


WRITE FOR YOUR COPY OF THE 18-PAGE CRAMER DISTRIBUTOR CATALOG 
... full of facts and figures on standard stock 
units. And if your problem needs a non-standard 
solution, let Cramer engineers help you with it. 
You'll find they have most of the answers at 
their finger tips. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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410,000 series 


A rugged, dependable new shaft seal 
for a broad variety of applications 


NATIONAL BUD* SEALS 


450,000 series 


HEAVY DUTY EXTRA RUGGED 


New designs proven in 4 years 
of field application 


Permanent bonded sealing lip, 
longer life, leakproof sealing 


Rugged case won't distort under 
severe press fit 


National Seal engineers — who brought you 
Syntech® and Micro-Torc* —now offer a ruggedly 
simple new advance in precision shaft sealing 
—National BUD (Bonded Universal! Design) Oil 
Seals. 


BUD seals are designed for a broad variety of ap- 
plications, including many where more complex 


*TRADE MARK NATIONAL SEAL 


470,000 series 480,000 series 


STANDARD LOW-COST UTILITY DESIGN 


Phosphate coating avoids rust 
Seal has superior concentricity 


Sealing materials for temperatures 
—65° F to 400° F 


Operates in most oils or 
industrial fluids 


single-lip and double-lip designs were previously 
specified. 


Full details and application engineering help on 
National BUD or other oil seals are available from 
your National Seal Division, Field Engineers. See 
the Yellow Pages under “Oil Seals” or write direct 
to Redwood City, Calif., home offices. 


NATIONAL SEAL 


Division, Federal-Mogu!-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Downey and Redwood City, 


California. 


CIRCLE 202 ON READER SERVICE CARD 








Sure, sometimes luck helps out a fisherman 
... but-in the long run it is experience that 
pays off. And it is experience that pays off 
when it comes to solving power-drive 
problems for appliance and equipment 
manufacturers... the kind of experience 


Emerson - Electric offers. you. 


Remember .. . 


@ Emerson - Electric produces. custom -engi- 


neered motors to suit\your specific needs. 


# Emerson. Eléctrie hasmore, than 100 
engineers for on-the-spot service for you. 


~ #9 Emerson-Eleetric has more than 65 years’ 


experience in solving motor - drive problems 
nT A ae . : 
a . - 
wey 


To get the kind of experi- 
ence that counts, call, wire 
or write Dept. EE-35 today. 
The Emerson Electric Mfg 


e 


EMERSON-ELECTRIC of St Louis - Since 1890 Co., St. Louis 21, Mo. 
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